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SECTION 1 

I i~TRODUCTIO~~ 

The response of trucks and tracked vehicles to blast waves in a 
tactical r~uclear warfare scenario is of considerable interest to military 
planners. The present report deals with the development of a computer 
code, TRUC:K, for the prediction of the response of such vehicles to 
blast waves. 

3 Vehicles of particular interest are those which contain C equip- 
ment and may be necessary for the proper functioning of other military 
elements. A communications shelter mounted on a truck would fall in that 
category. Such a system may be characterized by a truck body attached to 
the axles through non-linear springs and dampers, a shelter mounted on 
the truck body, possibly connected to the truck body by springs, dampers, 
and pretensioned guy wires, and equipment racks mounted within the 
shelter on springs and dampers. The TRUCK code is intended to yield the 
gross motions of the vehicle body and of the several elements mentioned 
above relative to the vehicle body. Large motions are permitted, so 
that vehicle overturning may be addressed. Elasticity of the individual 
elements, Eor example, the shelter, is not included in the TRUCK code. 

Previ(3us work in this area is reported in Reference 1, which considers 
a single degree of freedom system which rolls about an axis on the 
ground def:Lned by the tire contact points on the leeward side of a 
vehicle exposed to a side-on blast wave. The associated computer program 
is specifi~:ally designed to predict vehicle overturning. 

The TRUCK code is obviously much more complex than the codedescribed 
in Reference 1. The TRUCK code includes a large number of degrees of 
freedom rather than just one. The fact that many degrees of freedom are 
considered means that associated elements, such as springsldampers, must 
be characterized and included in the equations of motion. Bottoming and 
rebound of the springs are included in the code. The tirelground inter- 
action forc:es have to be formulated. In addition, since the TRUCK code 
will handle blast waves intercepting the vehicle from an arbitrary 
azimuth angle, the aerodynamic loading representation must be much more 
extensive than in Reference 1. 

Just as the TRUCK code is obviously more complex than the Reference 
e 1 code, it is equally obviously much more cumbersome to use. Data 

acquisition and preparation are much more difficult, and computer running 
times are much longer. One option within the TRUCK code permits solution 

,. of a relatively simple problem; namely, a three degree of freedom problem 
involving vehicle roll, heave, and sideslip only. Even this simple 
subproblem still requires data on the tires necessary to define the 
tirelground interaction forces. 

lE,thridge, Noel H., Blast Overturning Model for Ground Targets, 
BRL Report No. 1889, June, 1976. (AD #B012102L) 



In Section 2 of this report, the vehicle model is described. This 
description includes the definition of the coordinate system, the 
arrangement of the masses and the springs/dampers, and the modeling of 
the tirelground interaction. The aerodynamic loading formulation is 
described in Section 3, while the equations of motion are presented in 
Section 4. 

The computer program based on the foregoing models is described in 
Section 5. The solution procedure is presented, the input and output 
are described, and an example problem is presented. 



SECTION 2 

VEHICLE NODEL 

2.1 Mass Model -- 
The layout  of t h e  mass model is sketched i n  Figure 1. Symmetry 

about a lengthwise v e r t i c a l  p lane  i s  assumed. There a r e  four  types  of - 
masses involved i n  t h e  model. The f i rs t  is t h e  v e h i c l e  body i t s e l f .  It 
is cha rac te r i zed  by i t s  mass, c e n t e r  of g r a v i t y  pos i t i on ,  i n e r t i a ,  and'  
products  of i n e r t i a .  Note t h a t  t h e  assumption of a plane of symmetry 
r e s u l t s  i n  two of t h e  t h r e e  products  of i n e r t i a  being zero ,  s o  t h a t  only 
one product of i n e r t i a  i s  needed. For a l l  o t h e r  types of masses, a l l  
products  of i n e r t i a  a r e  assumed t o  b e  zero. 

The second type of mass is t h e  axlelwheel  combination, which is 
descr ibed  by i t s  mass, cen te r  of g r a v i t y  l o c a t i o n ,  and i ts  t h r e e  i n e r t i a s .  
Any number of a x l e s  may be present  ( cu r ren t ly  r e s t r i c t e d  t o  s i x  by 
computer program dimensions). Also, any two consecutive a x l e s  may be  
combined i n t o  a bogie f r e e  t o  r o t a t e  about an a x i s  normal t o  t h e  plane 
of symmetry. 

The s h e l t e r  is t h e  t h i r d  type  of  mass, and a rack  i s  t h e  f o u r t h  
type. Each i s  cha rac te r i zed  by i ts  mass and i n e r t i a  p rope r t i e s .  The 
racks  a r e  .sssumed t o  be symmetrically loca ted  on t h e  l e f t  and r i g h t  
s i d e s  of t h e  vehic le .  Any number of r acks  may be  p resen t ,  a l though 
cu r ren t  computer program dimensions r e s t r i c t  t h e  number t o  about two o r  
t h r e e  on e.sch s i d e  of t h e  veh ic l e ,  t h e  permiss ib le  number depending upon 
t h e  r e m a i d e r  of t h e  model conf igura t ion .  

The pyrogram may be run  wi th  t h e  s h e l t e r  mass combined wi th  t h e  
v e h i c l e  matss, wi th  t h e  rack  masses combined wi th  t h e  s h e l t e r  mass, o r  
.with t h e  rack  and s h e l t e r  masses combined wi th  t h e  veh ic l e  mass. Another 
opt ion  provides f o r  running wi th  only  one mass having only r o l l ,  heave, 
and sides1:ip degrees of freedom. 

2 . 2  Coord:Lnate Systems 

The p~rimary coordina te  system i s  a body a x i s  system which is a t tached 
t o  t h e  v e h t c l e  body wi th  i ts  o r i g i n  a t  t h e  o v e r a l l  system cen te r  of 
g rav i ty .  :[t i s  assumed t h a t  deformations of t h e  veh ic l e  system (e.g.,  
rack  mot io~ i  r e l a t i v e  t o  t h e  v e h i c l e  body) a r e  small i n  comparison wi th  
t y p i c a l  system dimensions. Hence, t h e  cen te r  of g r a v i t y  remains loca ted  
a t  t h e  same po in t  on t h e  v e h i c l e  body and t h e  mass matr ix,  involving 
masses, s t a t i c  unbalances, and i n e r t i a s ,  remains cons tant .  

The x:, y ,  and z d i r e c t i o n s ,  shown i n  Figure 1, form an orthogonal  
r i g h t  handed body a x i s  system. The r i g h t  handed r o t a t i o n s  about t hese  
body axes ,  , 8 ,  and $J, r e spec t ive ly ,  w i l l  be r e f e r r e d  t o  a s  p i t c h ,  yaw, 
and r o l l .  T rans l a t iona l  motions i n  t h e  x ,  y ,  and z d i r e c t i o n s  w i l l  be 
r e f e r r e d  t o  a s  s i d e s l i p ,  heave, and fore-and-aft t r a n s l a t i o n ,  r e spec t ive ly .  





In  addit ion t o  the body-axis system jus t  defined, the  motions of 
the axles,  she l te r ,  and racks r e l a t i ve  to  the truck body a re  described 
by the degrees of freedom l i s t e d  i n  Table 1. Component rota t ions  a r e  
about axes through the center of gravity of the individual component. 
In Table 1, the l e t t e r  "g" i s  used t o  indicate  a generalized coordinate, 
the subscript indicates the direct ion of the  degree of freedom, and the 
superscript: indicates the  mass type involved. The order of t he  degrees 
of freedom i s  as  indicated i n  Table 1; tha t  is ,  the overal l  vehicle 
degrees of freedom, the axle degrees of freedom, the she l te r  degrees of 
freedom, and the rack degrees of freedom. The axles a r e  presumed to  be 
consecutive from f ront  t o  back. The l e f t  s i de  racks w i l l  a l l  precede 
the i r  r ight s ide  counterparts i n  program storage and output. For each 
mass type, the order of the degrees of freedom i s  r o l l ,  s ides l ip ,  heave, 
pi tch,  yaw, and fore-and-aft t ransla t ion.  For the  axles and the she l te r ,  
not a l l  of these degrees of freedom a re  allowed; the order remains 
i n t a c t ,  however. The t o t a l  number of degrees of freedom i s  seen t o  be 
10 + 2a + 12r,  where "a" i s  the number of axles and "r" is the number of 
l e f t  s ide  racks. I f  the she l te r  i s  taken as  r ig id ly  attached to  the 
vehicle body, the t o t a l  number of degrees of freedom is 6 + 2a + 12r. 
The dimensions of the current program r e s t r i c t  the number of degrees of 
freedom t o  50 or  l e s s .  

The f i r s t  s i x  degrees of freedom w i l l  always be the overal l  vehicle 
degrees of freedom. It w i l l  be convenient i n  some cases to  re fe r  to  
them as  gl- -+g as  indicated i n  Table 1. 6' 

Two configurations of i n t e r e s t  require d i f fe ren t  interpreta t ions  of 
the degrees of freedom. The f i r s t  is a tracked vehicle. On a tracked 
vehicle, there i s  no axle connecting corresponding t i r e s  on e i ther  s ide 
of the vehicle. Rather, each t i r e  is independently suspended, each with 
i ts  own freedom i n  the y direction.  I f ,  however, two corresponding 
t i r e s  a r e  assumed t o  be connected by an imaginary axle,  the r o l l  and 
heave of the axle a r e  suf f ic ien t  t o  reproduce the two heave motions of 
the individual t i r e s .  One way of looking a t  i t  is to  view the two 
degrees of "axle" freedom a s  actual ly  being (1) the  average of the  two 
t i r e  heave motions, and (2) proportional to  the difference between the 
heave motions. Viewed i n  t h i s  way, the use of axle r o l l  and heave i s  
equivalent t o  redefining the generalized coordinates to  be used t o  
describe the heave motions of the two t i r e s .  

The second configuration which requires fur ther  discussion is the 
pi tch bogie. Two consecutive axles  may be combined in to  a bogie which 
is f r ee  t o  pitch about an axis  midway between the two axles. The available 
degrees of freedom, four for  the two axles,  a r e  adequate to  describe the 
motions. A 1 1  that  is necessary i s  t o  add the constraint  that  the pitching 
moment about the pitch ax is  must be zero. This r e su l t s  simply i n  the 
bogie suspension spring forces being equally divided between the two 
axles involved. 



DEGREE 
OF FREEDOM 

TABLE 1 

VEHICLE MODEL DEGREES OF FREEDOM 

MASS TYPE DESCRIPTION 

Vehicle Vehicle roll 

1 
Vehicle sideslip 

Vehicle heave 

Vehicle pitch 

Vehicle yaw 

Vehicle fore-and-aft translation 

Axle n Axle n roll relative to vehicle body 

I Axle n heave relative to vehicle body 

Shelter Shelter roll relative to vehicle body 

I Shelter heave relative to vehicle body 

I Shelter pitch relative to vehicle body 

Shelter fore-and-aft translation 
relative to vehicle body 

Rack m Rack m roll relative to vehicle body 

Rack m sideslip relative to vehicle body 

Rack m heave relative to vehicle body 

Rack m pitch relative to vehicle body 

Rack m yaw relative to vehicle body 

Rack m fore-and-aft translation 
I relative to vehicle body 



Since l a r g e  motions of  t h e  v e h i c l e  a r e  t o  be  considered,  it is 
c l e a r  thi3t g -g do not  d e f i n e  t h e  l o c a t i o n  and o r i e n t a t i o n  of t h e  

6 v e h i c l e  body: This  i s  t r u e  because t h e s e  motions take  p l ace  a long  and 
about cons tan t ly  changing d i r e c t i o n s .  I n  order  t o  determine tire-ground 
interact:Lons and i n  order  t o  c a l c u l a t e  t h e  b l a s t  loads ,  i t  i s  necessary 
t o  know t h e  l o c a t i o n  and o r i e n t a t i o n  of t h e  veh ic l e .  For t h i s  reason,  
an ear th- f ixed  a x i s  system - and Euler  angles  a r e  introduced.  These w i l l  
be denoted by g l-g , where is t h e  Euler ro l l - ang le ,  g is t h e  2 motion oli t h e  cen te r  o$ g r a v i t y  i n  t h e  earth-f ixed x d i r e c t i o n ,  and s o  
f o r t h .  The earth-f ixed x and z axes a r e  ho r i zon ta l  and t h e  7 a x i s  is 
v e r t i c a l .  The o r i g i n  of t h e  earth-f ixed a x i s  system is defined a s  
fol lows.  Consider t h e  v e h i c l e  wi th  t h e  x-z body axes ho r i zon ta l .  P l ace  

1' t h e  v e h i c l e  such t h a t  t h e  t i r e s  j u s t  con tac t  t h e  ground (assumed t o  be 
h o r i z o n t ~ t l  f o r  t h e  moment). The o r i g i n  of t h e  earth-f ixed a x i s  system 
i s  then a t  t h e  v e h i c l e  cen te r  of  g r a v i t y ,  and t h e  earth-f ixed and body 
a x i s  syst:ems a r e  co inc ident  w i th  t h e  v e h i c l e  s o  placed. Note t h a t  t h e  - - 
x, y ,  z va lues  a t  b l a s t  a r r i v a l  w i l l  no t  be zero,  because t h e  v e h i c l e  
must s e t t . l e  from t h e  s p e c i f i e d  p o s i t i o n  under t h e  a c t i o n  of g rav i ty .  

The present  formulat ion permits  t h e  ground t o  s lope  i n  t h e  x 
di rec t ion . ;  t h a t  is, t h e  s lope  i s  r e s t r i c t e d  such t h a t  a l l  ground p o i n t s  
a t  t h e  same va lue  of x w i l l  have t h e  same va lue  of 7. The o r i g i n  of t h e  
earth-fix:ed a x i s  system with t h e  v e h i c l e  on a s lope  is t h e  cen te r  of 
g r a v i t y  of t h e  v e h i c l e  wi th  t h e  v e h i c l e  placed such t h a t  t h e  tires j u s t  
contac t  a n  imaginary ho r i zon ta l  ground p lane  a t  t h e  same he ight  a s  t h e  
a c t u a l  ground d i r e c t l y  below t h e  cen te r  of g rav i ty .  

The Euler  angular  r o t a t i o n s  a r e  taken i n  t h e  conventional  order  - - , , 7 (which a r e  t h e  same a s  g 
g5, g4):  

The Euler angular  v e l o c i t i e s  
a r e  found from t h e  body-axis angular  velocities from t h e  r e l a t i o n s  
(see,  f o r  example, Reference 2) 

1 = -  (gl COS? + g5 s in?)  
cosg 

T ' = k4 + s ing  ( 1 ~ )  

Here a d o t  i n d i c a t e s  d i f f e r e n t i a t i o n  wi th  r e spec t  t o  t i m e .  The Euler  
angles  a r e  then found by i n t e g r a t i n g  t h e  angular  v e l o c i t i e s .  

T r a m l a t i o n a l  v e l o c i t i e s  i n  t h e  ear th- f ixed  and body a x i s  systems 
may be  re.Lated through a t ransformat ion  mat r ix ,  6 .  

2 ~ t k i n ,  Bernard, "Dynamics of F l ight" ,  John Wiley and Sons, I n c . ,  
New York, 1959. 



where 

(COS~ COS?) s i n  s i n  I 
+sin$ sine cos? +COST sins cos? 

- - 
6 = (COS~ sin?) cos+ cos$ -sin$ cos? (3 )  

+sin; sing sin? +cos$ sine sin$ 

(-sing) I (sin$ COG) 
(COST COG) 

The location of the vehicle center of gravity is found by integrating 
the earth-fixed axis system velocities. 

2.3 Representation of Springs and Dampers 

The various masses described previously are connected by springs 
and dampers. The springs and dampers are characterized by their mechanical 
properties and by their attachment points to the masses they interconnect. 

The mechanical properties required are simply the curves of force 
vs displacement for springs and force vs velocity for dampers. The 
conventions used herein are as follows: 

Springs : 

Shortening is a negative displacement and gives a positive force. 

Elongation is a positive displacement and gives a negative force. 

Dampers : 

Thecompressionstroke corresponds to a negative velocity and a 
positive force. 

The rebound stroke corresponds to a positive velocity and a 
negative force. 



Each spring or  damper curve i s  approximated by a se r ies  of s t r a igh t  
l i ne s ,  so tha t  non-linear behavior i s  accounted for .  No hysteresis  
e f fec t s  a r e  included, however; thus, loading and unloading take place 
along the same curve. 

Consider a spring connecting mass "r" to  mass "s". The coordinates 
a t  which the spring attaches t o  mass r w i l l  be designated by II II , 

x ' Yr r 
and L , where the lengths, L, a r e  measured from the center of gravity 

Z r 
of mass r ,  and s imilar ly  f o r  mass s. The elongation of spring "i", 6i, 
may be found from the generalized displacements, 

where h . w i l l  be zero except f o r  j corresponding to  degrees of freedom i i  
of mass r or mass s. It should be noted tha t  gl-g6 a re  never involved 
i n  spring elongations, s ince they r e f e r  t o  overal l  motions of the e n t i r e  
vehicle. Hence, the j dimension of the matrix h can be 6 smaller than 

i i  " 
the t o t a l  number of degrees of freedom. Note a l so  tha t  the same h matrix 
transforms generalized ve loc i t ies ,  Bj, in to  elongational ve loc i t ies ,  4. 

The spring direct ion cosines a r e  

where the subscripted L's a r e  measured from any common reference, and 



The spring elongation is then given by 

The elements of the X matrix may be easily deduced by comparing Eqs. 
4 and 7. 

The present formulation permits guy wires to attach the shelter to 
the vehicle body. These are handled exactly as ordinary springs except 
that a guy wire preload may be specified. That is, the value of the 
tensile load in a guy wire with the truck in a trimmed condition under 
the action of gravity may be specified by the analyst. All other springs 
will end up with whatever load is consistent with a trimmed condition. 

Spring bottoming is allowed. When a spring bottoms out, an elastic 
collision conserving kinetic energy is assumed. The collision process 
involves an instantaneous change in velocities, effectively due to the 
application of an impulse at the collision point. If the velocity of a 
point is denoted by v v , and v and the change in velocity due to the 

x' Z collision by Av Av an8 Av conservation of kinecic energy means that 
x' y' z'  

where dm is an elemental mass and the integral extends over all masses. 
Equation 8 may be rewritten 



If a unit impulse applied at the collision point produces velocity 
changes 6v 6v and 6vZ, then x' y' 

and so fo~th, where I is the value of the applied impulse. Substituting 
Eq. 10 into Eq. 9 and rearranging, 

The integrals in the above equation may be expressed in terms of the 
present mass model as 

where 69 is the generalized velocity change due to the application of a 
unit impulse at the collision point and M is the generalized mass 
matrix, defined in Division 4.2, Table gei'j 

The velocities, g, are known at the time of collision. The velocity 
changes due to a unit impulse, 69, can easily be found by applying the 
equations of motion developed in Section 4. Equations 12 and 13 then 
allow the integrals to be evaluated, and Eq. 11 may then be used to 
determine the value of the required impulse. The velocity changes may 
then be found from Eq. 10. Finally, the new velocities are found by 
adding the velocity changes to the velocities which existed just prior 
to the collision. 

2.4 *Ground Interaction Forces 

The tire-ground interaction is based upon a Coulomb friction 
representation. The force on the tire consists of a component normal 



to the ground surface and a component tangential to the ground surface. 
These will be referred to simply as the normal and tangential forces. 
The normal force will depend upon the normal deflection and normal 
velocity of the tire and the tire spring and damping characteristics. 
The tangential force representation separates into two regimes, non-sliding 
and sliding. While the tire is not sliding, the tangential force depends 
upon the tire tangential deflection and velocity and the spring and damping 
characteristics of the tire. When the tangential spring force reaches a 
limit value, equal to the tire normal force times the coefficient of 
friction, the tire starts to slide. The tangential tire force during 
sliding is taken as equal to the normal force times the coefficient of 
friction and is in a direction opposite to the tangential deflection. 

A tire is also allowed to leave the ground, at which time the 
ground-interaction forces become zero, of course. %en the tire contacts 
the ground again, the tangential tire deflection is set equal to zero. 

The mathematical implementation of the above concepts turns out to 
be rather complex. A brief description of the development is given below. 

The ground geometry is shown in Figure 2. The ground surface is 
assumed to consist of two intersecting planes, with the intersection line 
parallel to the earth-fixed axis. The ground slopes in the two regions 
are y and y , and the slope change occurs at x = xsc. 

1 2 

The position of the center of the tire in the earth-fixed axis 
system is given by 

In Eq. 14, the E's are measured from the axle center of gravity to the 
center of the tire and the L's are measured from the vehicle center of 
gravity to the center of the tire. The generalized displacements g and 
g are for the axle associated with the tire being considered. ~he'~ 
dtstance-is biased such that, with the vehicle wheels just touching tke 
ground, y will be equal to R, the tire radius. This may be verified by 

t 
observing that g.,, g , and g are all zero for the pre-blast condition 

JI which establishes thg origin for the earth-fixed axis system. 



FIGURE 2 .  GROUND GEOMETRY 
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Knowing t h e  p o s i t i o n  of t h e  c e n t e r  of t h e  t i r e  and knowing t h e  
ground su r face  conf igu ra t ion ,  t h e  he ight  of t h e  cen te r  of t h e  t i r e  above 
t h e  ground, measured i n  t h e  p lane  of  t h e  t i r e ,  may be determined. The 
express ion  f o r  t h e  t i r e  he igh t ,  which i s  t h e  r e s u l t  of a  moderately 
lengthy  development, is 

- - 
[yt - xt  tany - A] .t 

a 
H = 

2 ( l+ tan  y)-(n-Stany) 
2 

where 

- 
n - yt ( l e f t  t i r e ) - ?  ( r i g h t  t i r e )  

t - 
5 5 x ( l e f t  t i re)- ;  ( r i g h t  t i r e )  

t t 

and La is t h e  a x l e  l eng th .  The parameter A cha rac te r i zes  t h e  ground 
conf igu ra t ion ,  and i s  defined i n  r eg ion  1 by 

A = O i f x  > O  
S C  - 

A = x ( tany -tany ) i f  x  < 0 
SC 2 1 S C  

and i n  reg ion  2 by 

A = - x (tany -tany ) i f  x > 0 
S C  2 1 S C  - 

A = O i f x  < O  
S C  

Equation 15  i s  used f o r  each of t h e  two regions ,  and t h e  sma l l e r  va lue  
of H i s  used i f  t h e  ground contour i s  concave, and t h e  l a r g e r  i s  used 
i f  t h e  ground contour i s  convex. The corresponding region i s  noted ,  
and t h e  s lope  of t h a t  reg ion  is used i n  ensuing c a l c u l a t i o n s .  It may 
e a s i l y  be v e r i f i e d  t h a t  i n  t h e  case  of zero ground s lope  wi th  t h e  a x l e  
ho r i zon ta l  (n=O), Equation 15 g ives  H = a s  i t  should. 

t '  

The t i r e  in-plane d e f l e c t i o n  i s  



I f  t h e  deElec t ion  i s  negat ive ,  t h e  f o r c e  is found from t h e  t i r e  char- 
a c t e r i s t i , : ~ .  The component of t h i s  f o r c e  normal t o  t h e  ground i s  then 
used. I f  t h e  d e f l e c t i o n  is p o s i t i v e ,  t h e  t i re i s  off  t h e  ground and a l l  
t i r e  fo rc (=s  a r e  zero. 

Assuming t h e  t i r e  t o  be r i g i d ,  t h e  body-axis components of t h e  
v e l o c i t y  of t h e  t i re  con tac t  p o i n t a r e  given by 

This veloc.ity must be  broken down i n t o  components normal t o  and t a n g e n t i a l  
t o  t h e  grc~und. This  i s  done by using a  u n i t  vec tor  normal t o  t h e  ground, 
N,  t h e  body a x i s  components of which a r e  given by 

where i t  should be  noted t h a t  t h e  t ranspose  of  B i s  equal  t o  t h e  inverse  
of %. 

The v e l o c i t y  normal t o  t h e  ground i s  simply t h e  dot  product of t h e  
V and t h e  N vec to r s ,  and t h e  a s soc ia t ed  components a r e  
t 

The term i n  parentheses is a s c a l a r  and i s  simply t h e  magnitude of t h e  
normal v e l ~ c i t y ,  except t h a t  i t  may be e i t h e r  p o s i t i v e  o r  negat ive .  

Knowing t h e  t o t a l  v e l o c i t y  and t h e  v e l o c i t y  normal t o  t h e  ground, 
t h e  t a n g e n t i a l  v e l o c i t y ,  VT, is simply t h e  d i f f e rence .  

The normal and t a n g e n t i a l  v e l o c i t i e s  a r e  used t o  c a l c u l a t e  t i r e  damping 
f o r c e s ,  am1 t h e  t a n g e n t i a l  v e l o c i t y  i s  i n t e g r a t e d  t o  determine t h e  
t a n g e n t i a l  displacement,  6 , which i s  i n  t u r n  used t o  f i n d  t h e  t i r e  
t a n g e n t i a l  sp r ing  fo rce .  ?he t a n g e n t i a l  v e l o c i t i e s  of t h e  f r o n t  t i r e s  
( ax le  1 )  a r e  given s p e c i a l  t rea tment ,  however, on t h e  assumption t h a t  



the front tires are free to roll in their planes. Therefore, for a 
front tire, the component of the tangential velocity which is normal to 
the intersection of the wheel plane and the ground plane is used rather 
than the total tangential velocity. 

If the tire is in contact with the ground and is not sliding, the 
normal and tangential spring and damping forces are found as indicated 
above. The spring forces are applied in directions opposite to the 
displacements, and the damping forces are applied in directions opposite 
to the velocities. The maximum allowa le tangential force, !.IF;, where 
y is the coefficient of friction and F i  is the normal spring force, is 
continuousiy monitored. Vnen the tangenciai defiection becomes such 
that the corresponding spring force, F6 is greater than yF6 the tire T' N' 
is allowed to slide. The tangential damping force, F$, is set equal to 
zero and F& is set equal to yF6 and is taken to act in opposition to 
the tangenTial displacement. 

N 

During sliding, the magnitude of the tangential deflection is 
6 always equal to the value corresponding to the force yF . The direction 

of the tangential deflection is found as follows. Firsp of all, a more 
specific definition of "tangential deflection" is required. To do so, 
two tire-ground contact points are defined. The first is the contact 
point which would exist if the tire were rigid, which will be referred 
to as the rigid-tire contact point. The velocities given by Eq. 20 are 
the velocities of this point. The second contact point is the actual 
contact point between the tire and the ground. The tangential deflection 
is the vector from the actual contact point to the rigid-tire contact 
point. 

During each time step, the motion of the actual contact point is 
assumed to be in the direction of the previous tangential deflection. 
The rigid-tire contact point moves in the direction of the tangential 
velocity an amount equal to that velocity times the integration time 
step. The position of the rigid-tire contact point is thus known, the 
magnitude of the tangential deflection is known, and the line along 
which the actual contact point must lie is known. These facts are 
sufficient to permit definition of the location of the actual contact 
point. 

When the movement of the actual contact point as determined by the 
above procedure is in opposition to the tangential deflection, sliding 
stops. Since the tangential deflection has been maintained consistent 
with the tangential force during sliding, a smooth transition takes 
place when sliding stops. 

This completes the development of the tire forces. The total tire 

force, comprised of F 
6 6 6 b 
N' 

FN, FT, and FT, all acting in their appropriate 

directions, will be designated by F t ' 



SECTIOll 3 
AEKODY NAMI C LOAD I NG 

The loading  on t h e  v e h i c l e  r e s u l t s  from t h e  b l a s t  wave from a 
nuclear  explosion.  Associated wi th  t h e  b l a s t  wave a r e  increased  pressure  
and dens i ty  and m a t e r i a l  v e l o c i t y .  B las t  wave c h a r a c t e r i s t i c s  f o r  two 
he igh t s  of b u r s t  a r e  contained i n  t h e  program. Those corresponding t o  
a he igh t  of b u r s t  of zero are based upo urve  f i t s  i n  Reference 1; 
those  f o r  a sca l ed  b u r s t  he ight  of 60 8' meters  a r e  based upon 
Reference 3 .  

The b l a s t  wave f r o n t  is assumed t o  b e  normal t o  t h e  ground su r face ,  
and t h e  v e h i c l e  i s  assumed i n i t i a l l y  t o  be e s s e n t i a l l y  normal t o  the  
ground. AEI t h e  b l a s t  wave envelops t h e  veh ic l e ,  t he  wave r e f l e c t s  from 
t h e  v e h i c l e  s u r f a c e  and r a r e f a c t i o n  waves emanate from f r e e  edges t o  
r e l i e v e  t h e  r e f l e c t e d  pressure .  A t  l a t e r  t imes,  t h e  loading is essen- 
t i a l l y  a drag type  loading,  r e s u l t i n g  from t h e  m a t e r i a l  v e l o c i t y  asso- 
c i a t e d  wi th  t h e  b l a s t  wave. The development of t h e  aerodynamic loading 
is  separa ted  i n t o  t h e s e  two regimes, which w i l l  be  r e f e r r e d  t o  as t h e  
d i f f r a c t i o n  loading  and t h e  d rag  loading.  

3.2 Diffrs.ction Loading 

The d i f f r a c t i o n  loading is .based upon shock-tube experiments repor ted  
i n  Reference 4. I n  t h e s e  experiments, f r o n t  and back f ace  p res su res  on 
a rec tangular  block were measured wi th  t h e  shock wave normally inc iden t  
on t h e  f r o n t  f a c e  (shock f r o n t  p a r a l l e l  t o  f r o n t  face) .  For t h e  present  
a p p l i c a t i o n ,  d i f f r a c t i o n  loadings  f o r  a r b i t r a r y  i n t e r c e p t  angles  a r e  
requi red .  To permi t  extension of  t h e  shock tube  r e s u l t s  t o  a r b i t r a r y  
i n t e r c e p t  ang les ,  a crude model roughly reproducing t h e  d i f f r a c t i o n  
processes has  been constructed.  The model is f i t t e d  t o  t h e  experimental 
f r o n t  and back f a c e  pressures  and, s i n c e  t h e  phys ica l  processes a r e  a t  
l e a s t  roughly modeled, i t  is hoped t h a t  reasonable pressures  a r e  predic ted  
f o r  o the r  i n t e r c e p t  angles .  

It i s  assumed t h a t  t h e  v e h i c l e  moves very l i t t l e  during t h e  d i f f r a c t i o n  
per iod ,  s o  t h a t  t h e  shock wave and t h e  v e h i c l e  may both be taken a s  
normal t o  t h e  ground. This assumption l i m i t s  t h e  number of conf igu ra t ions  
which must be  addressed. The i n t e r c e p t  geometry is shown i n  F igure  3 .  
It may be  seen t h a t  8 = 0' corresponds t o  t h e  shock-tube experiment, 8 = 

0 
90 corresponds t o  i n t e r c e p t  of t h e  v e h i c l e  from the  f r o n t ,  and 8 = -90' 
corresponds t o  i n t e r c e p t  from t h e  r e a r .  Due t o  t ruck  symmetry, only t h e  
range -90' - < 0 - < 90' need be  considered. 

3 ~ t h r i d g e ,  Noel H.,  p r i v a t e  conununication. 

4 ~ a y l o r ,  W. J . ,  A Method f o r  P red ic t ing  B las t  Loads During the  
D i f f r a c t i o n  Phase, Shock and Vibra t ion  B u l l e t i n  42, P a r t  4 ,  
pg. 135, January, 1972. 
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FIGURE 3 .  BLAST WAVE INTERCEPT GEOMETRY 



The basic model for  the  d i f f rac t ion  loading involves waves emanating 
from f r ee  edges. For a point, p, on a rectangular face, four distances 
a r e  defined, a s  shown i n  Figure 4.  A wave is  assumed to  emanate from 
each f r ee  edge a t  the time when the undisturbed shock front reaches the 
edge point defined by si. The wave moves a t  a velocity "a", which w i l l  be 
defined l a t e r .  With the shock velocity designated as  V e f fec t ive  edge 

S' 
distances, s , may be defined which account for  the  time a t  which the 

i wave s t a r t s  r e l a t i ve  to  the time a t  which the undisturbed shock reaches 
point p. For example, suppose t h a t  the face shown i n  Fig. 4 is the l e f t  
s ide of the vehicle,  which is the s ide f i r s t  intercepted by the shock 
wave. Suppose tha t  0 is posi t ive ,  so tha t  the edge defined by s is  

1 intercepted f i r s t ,  and define zero time a s  the time of f i r s t  in tercept .  
s sin8 

The time a t  which the undisturbed shock reaches point p i s  1 

vs 
A t  tha t  time, the  rarefact ion wave from the s f r ee  edge w i l l  have moved 1 

a distance s 
a sin0 

toward point p. Hence, i n  e f fec t  the edge distance 
vs 

s1 is decreased by the amount s 
a sin0 . The effect ive edge distance 

vs 
in  t h i s  case i s  then 

Similarly, fo r  the same l e f t  s i de  face, 

The ather faces may be dea l t  with similarly.  For the f ront  of the 
vehicle,  with Fig. 4 considered a s  a view from i n  f ron t ,  



FIGURE 4. DIFFRACTION LOADING MODEL 



For t h e  r e a r  of t h e  veh ic l e ,  with Fig.  4 considered a s  a  view from t h e  
r e a r ,  

For t h e  r i g h t  s i d e  of t h e  veh ic l e ,  w i t h  Fig.  4 considered a s  a  view from 
t h e  l e f t  d d e ,  Eqs. 24 apply.  The top and t h e  bottom of the  v e h i c l e  a r e  
t r e a t e d  se.parately l a t e r .  

The wave from t h e  f r e e  edge is assumed t o  produce an exponent ia l ly  
vary ing  p res su re  a t  po in t  p  with time. Hence, t h e  form of t h e  d i f f r a c t i o n  
loading  i s  taken a s  

- 

AP (t) = [Ap(t=O)-Ap (t=-1 I e  + ~p (t=m) (27) 

The t ime zero re ference  is t h e  time a t  which t h e  undisturbed shock reaches 
poin t  p. The q u a n t i t i e s  Ap(t=O) and Ap(t=m) a r e  t h e  pressures  a t  po in t  p  
a t  t i m e  zero  p l u s  and t i m e  equal  t o  i n f i n i t y ,  r e spec t ive ly .  These w i l l  
be def ined  l a t e r .  The parameter E is an e f f e c t i v e n e s s  f a c t o r ,  which 
w i l l  be  defined l a t e r  also: For t i e  moment, cons ider  E t o  be un i ty .  
The dimensionless  t ime parameter,  T ~ ,  i s  def ined  a s  

i 

A wave from t h e  edge is seen t o  reach po in t  p a t  T~ = 1. For T .  < 1, 
1 

T .  - 1 i n  Eq. 27 i s  taken a s  zero. 
1 

The cons tant  k is seen t o  be t h e  only  f r e e  v a r i a b l e  a v a i l a b l e  t o  f i t  
t h e  shock )tube da ta .  The empir ica l  f i t  f o r  k is a s  fol lows.  



Defining t h e  shock s t r e n g t h  

where Ap i s  t h e  shock overpressure and p is t h e  ambient pressure ,  and 
0 

def in ingS 

t h e  cons tant  k i s  given by 

k = E  f o r  O i a z 9 0  
0 

k = (1-0.25) f o r  a = 180° 

The ang le  a i s  t h e  angle  between t h e  shock wave and t h e  v e h i c l e  su r face  
0 0 

being considered. For example, f o r  8 = 0 , u f o r  t h e  l e f t  s i d e  i s  0 
f o r  t h e  r i g h t  s i d e  180°, and fog t h e  f r o n t  and back, 90:. For 8 = 45 , 
a is 45; f o r  t h e  l e f t  s i d e ,  135 f o r  the r i g h t  s i d e ,  45 f o r  t h e  f r o n t ,  
and 1350 f o r  t h e  back. pr 90< a <I80 , l i n e a r  i n t e r p o l a t i o n  between k 
(a = 90 ) and k (a = 180 ) i s  used. The va lues  of a corresponding t o  

0 
t h e  shock tube  experiment a r e  0 and 180°. 

The p res su re  a t  t ime zero  p l u s  i s  t h e  r e f l e c t e d  p res su re  f o r  
su r faces  f ac ing  t h e  b l a s t  wave and zero  f o r  su r faces  fac ing  away from 
t h e  b l a s t  wave. The r e f l e c t e d  p res su re  versus  angle  of incidence is 
taken from Reference 5,  and is def ined  i n  Fig. 5 f o r  a - < 90'. For 
a > go0, Ap(t=O) is taken a s  zero.  

The p res su re  a t  t ime equal  t o  i n f i n i t y  should be simply the  drag 
phase p res su re ,  Ap + c q ,  where c i s  t h e  p res su re  c o e f f i c i e n t  and q 

S 
is t h e  dynamic pressure! However, Pn order  t o  ensure t r a n s i t i o n  from 
t h e  d i f f r a c t i o n  per iod  loading t o  t h e  drag  phase loading,  Ap(t=m) i s  
b iased  from t h i s  va lue .  For p o s i t i v e  p res su re  c o e f f i c i e n t s ,  

~ ~ ( t = - )  = Ap f o r  c > 0 
S P 

5 ~ e e ,  William N. and Mente, Lawrence J . ,  NOVA-2--A D i g i t a l  Computer 
Program f o r  Analyzing Nuclear Overpressure E f f e c t s  on A i r c r a f t ,  
P a r t  1, Theory, AFWL-TR-75-262, P t  1, August, 1976. 
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FIGURE 5. REFLECTED PRESSURE 



T r a n s i t i o n  t o  drag  phase loading  t akes  p l ace  when t h e  d i f f r a c t i o n  loading 
becomes l e s s  than t h e  drag  loading.  

For negat ive  c  and a  5 go0,  
P  

Ap(t=m) = Ap + 2 c  q f o r  c < 0 
S P  P  (33) 

T r a n s i t i o n  t o  drag phase loading  aga in  t akes  p l ace  when t h e  d i f f r a c t i o n  
loading  becomes l e s s  than  t h e  drag  loading.  

F i n a l l y ,  f o r  a>90° (c  is always negat ive  f o r  t h i s  c a s e ) ,  
P  

T r a n s i t i o n  t o  drag  phase loading  t akes  p lace  when t h e  d i f f r a c t i o n  loading 
becomes g r e a t e r  than t h e  drag loading .  

Returning t o  t h e  d e f i n i t i o n  of t h e  speed of t h e  waves from t h e  f r e e  
edges, a ,  t h e  f i r s t  s t e p  i s  t o  de f ine  t h e  flow v e l o c i t y  imnediately 
behind t h e  inc iden t  shock wave p a t t e r n .  For a  weak wave, t h e  flow 
v e l o c i t y  along t h e  s u r f a c e ,  W ,  i s  given by 

where w is t h e  m a t e r i a l  v e l o c i t y  behind t h e  shock wave. For a = go0, W 
must be  equal  t o  w, which is i n c o n s i s t e n t  wi th  Eq. 35. I n  order  t o  
s a t i s f y  t h e  known po in t  a t  a = go0, Eq. 35 is r a t h e r  a r b i t r a r i l y  replaced 
by Fig. 6,  which is then used t o  d e f i n e  t h e  flow v e l o c i t y .  For a > go0, 
w i s  taken a s  zero.  

The m a t e r i a l  v e l o c i t y ,  w ,  and t h e  shock v e l o c i t y ,  V a r e  given i n  
terms of t h e  shock s t r e n g t h ,  5 ,  through t h e  ~ a n k i n e - ~ u ~ o & o t  r e l a t i o n s .  
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FIGURE 6. FLOW VELOCITY 



where a is the ambient speed of sound. The speed of sound behind the 
incident shock wave pattern, a is 5' 

For other angles, a is approximated as in Figure 7 
5 

The preceding relations allow the definition of the wave speed "a" 

for the various incidence angles and surfaces. These definitions are 
given in Table 2. Note that 0 has been interpreted in terms of the 
corresponding value of a. 

The development up to this point completely defines the diffraction 
phase loading for the shock tube experiments, since E in Eq. 27 is 

i 
unity for those cases. The model described herein agrees with the 
experimental data within experimental accuracy. It should be recalled, 

0 however, that the shock tube experiment was solely for 8 = 0 , and was 
also for a single block geometry. Accordingly it must be remembered 
that the present model is of unknown accuracy for other geometries and 
incidence angles, particularly for other incidence angles. 

The parameter E requires general definition. The need for such a 
i 

parameter, which is essentially an edge effectiveness factor, may be 
0 

seen from the following considerations. Suppose f3 = 45 . The shock 
then strikes the front and left side faces equally. Hence, no clearing 
wave emanates from the corner first struck by the shock wave in either 
direction. But the definition of the relevant s .  leads to small or even 

1 
negative values of s (see Eq'. 24a). Since the edge is actually com- 
pletely ineffective,i~i should be assigged a value of zero for this 
case. Also, E. should be unity for a=O , to maintain the correlation 

1 with the shock tube results. For a>90°, there is no problem with the 
definition of the edge distances and E. should thus be unity. For a 
between 45' and go0, the pressure on the relevant face is higher than 
that on the adjacent face; hence, the edge is ineffective and E must i 
be taken as zero. Finally, unless E is taken as zero for a sllghtly i 
less than 45O, si will go to zero at moderate shock pressure values, and 
will thus give unreasonable results. Rather arbitrarily, E. has bee: 

0 
taken as going to zero at a=30 , varying linearly from unity at a=O to 

0 0 0 
that value at a=30 . Ei is zero from a=30 to a=90 , and is unity for 
a>90°. 



Incidence Angle, a 

F I G U R E  7.  S P E E D  O F  SOUND B E H I N D  SHOCK PATTERN 



TABLE 2 

Definition of Wave Speed, a 

Surface 
of Vehicle 

Left Side 

~ight Side 

Front 

Rear 

i= 2 

a5 (0) 

a5(leI) 

a5(900) 

a 
0 

a5 (90') 

- 

a5 (90-8) 

a 
0 

a 
0 

a5 (90+8) 

8 

- > o0 

< oO 

+go0 

-90°<8<900 

-90' 

-- 

0°<8<900 - - 

-9o0<8<o0 - 

0<090° 

-90°<8<00 - - 

i=3 

a5 (8)-W(B) 

a5(le0+w(I8I) 

a5(90 )-w 
0 

a 
0 

a5 (go0)* 

-- -- 

a (90-0)+W(90-8) 
5 

a 
0 

a 
0 

a5 (90+8)-~(90+8) 

i=l 

a5 (B)+W(B) 

a5(leI)-w(J8/) 

a5 (go0)* 

a 
0 

a5 (90') -w 

- 

a (90-0)-W(90-8) 
5 

a 
0 

a 
0 

a5 (90+8)+~(90+8) 

i = 4  

a, (0) 

a5(leI) 

a5 (90') 

a 
0 

a5 (90') 

- 

a5 (90-8) 

a 
0 

a 
0 

a5 (90+8) 



The next problem requiring a t ten t ion  is the def ini t ion of s for  
i non-rectangular shapes. The development up to  t h i s  point has been com- 

plete ly  concerned with rectangular faces. The extension to  non-rectangular 
faces i s  not obvious. The convention adopted herein i s  depicted i n  Fig. 
8. The surface t reated i s  assumed t o  consist  of a group of rectangular 
surfaces. For the cross-hatched areas,  the def in i t ion  of the  si is 
conslstent with tha t  given ea r l i e r .  . For a point p i n  the non-cross- 
hatched area,  s' and s' a r e  defined i n  the  manner i n  which sl and s 
would ordinar i l4  be degined. In  addit ion,  the distance r to  the inzer ior  
corner is defined a s  indicated i n  Fig. 8. The la rger  of s' and s' is 
accepted a s  s or  s ; i n  Fig. 8, s' w i l l  be taken as  s . h e  smaller 1 of the  remaining s f o r  r is taken a s  the other si; i n  J ig .  8, r w i l l  be 
taken a s  s 

2 ' 

Fina l . 1~  the  top and bottom surfaces have not been t reated yet .  The 
treatment ;adopted herein i s  simply t o  use the drag phase loading always. 
This is i n  e r ror  a t  time zero, when the pressure should be Ap and is 
instead Ap + c q.  The difference i s  small, however, becauseSc i s  
small. ~ h 8  rea? problem with the top and bottom surfaces is thgt the 
most s ign i f ican t  e f fec t  on overal l  motion is produced by the difference 
between the top and bottom surface loadings. The bottom surface loading 
cannot be predicted well, due t o  the unevenness of the bottom surface, 
ground interference,  and so forth.  Hence, an approximation t o  the top 
and bottom surface loadings i s  acceptable, and the exclusive use of the 
drag loadir~g i s  simple and expedient. 

The foregoing has defined the pressure a t  a point. Integration 
over a l l  points then defines the loading on a surface. I n  pract ice ,  of 
course, the integration i s  replaced by a sumation over several  points,  
with each point used a s  representative of some portion of the surface area.  

3.3 Drag 1,oadir.g 

Following the d i f f r ac t ion  phase, the  pressure loading becomes a 
d rag type  of loading. A s  indicated i n  the previous division,  the pressure 
loading during the drag phase i s  given by 

where Ap and q a r e  the  overpressure and dynamic pressure associated 
with theSblsst  wave. The task of estimating the drag-phase loading thus 
becomes a mstter of determining the pressure coeff ic ient ,  c . The 
pressure cos2fficient must be determined for  a rb i t ra ry  burstPorientations 
(with the s'lock assumed t o  be traveling pa ra l l e l  to  the ground) for  the 
various rectangular areas which make up the exter ior  surfaces of the 
vehicle model. 

These isre numerous factors  which can a f f ec t  the value of c - 
however, most of these w i l l  have t o  be ignored, a s  w i l l  be seen?' In  
establishinj: reasonable values of c for  t h i s  application,  use is made 

P 



FIGURE 8 .  D E F I N ~ T ~ O N  OF si FOK NON-RECTANGULAR FACE 



of a v a i l a b l e  experimental  d a t a  f o r  c and f o r  t h e  "drag c o e f f i c i e n t "  C 
P on box-like bodies .  C r ep resen t s  a d i f f e r e n c e  i n  p res su re  between D 

D 
opposing su r faces  of a s t r u c t u r e .  

Some of t h e  parameters which a f f e c t  t h e  va lue  of c a r e  Reynolds 
number, corner  r a d i i ,  Mach number, aspec t  r a t i o  of bodyPbeing s tud ied ,  
ground e f f e c t s ,  and t h e  ang le  between t h e  flow v e l o c i t y  and t h e  su r face  
normal, a .  Of these ,  only  t h e  v a r i a t i o n  wi th  a w i l l  b e  considered. It 
is r a t h e r  obvious t h a t  a i s  t h e  most important of t h e  above parameters 
w i th  r e s p t x t  t o  a f f e c t i n g  c , and must be accounted f o r .  Of t h e  remaining 
parameter.;, t h e  most importgnt a r e  t h e  Reynolds number and t h e  corner  
r a d i i ,  which a f f e c t  t h e  c r i t i c a l  Reynolds number. The Reynolds number 
v a r i e s  wi th  time a s  t h e  b l a s t  wave decays, and is a l s o ,  of course,  a 
funct ion  of b l a s t  wave s t r eng th .  Since t h e  l a r g e s t  drag loading occurs  
e a r l y  whi.Le t h e  b l a s t  wave c h a r a c t e r i s t i c s  a r e  near  t h e i r  maxima, t h e  
s e l e c t i o n  of t h e  p res su re  c o e f f i c i e n t  has been based on Reynolds numbers 
i n  t h e  v i c i n i t y  of maximum Reynolds numbers a s soc ia t ed  wi th  b l a s t  wave 
s t r eng ths  between about 2 and 10  p s i  a t  s ea  l e v e l .  Mach number has  
l i t t l e  e f f e c t  f o r  t h e  r a t h e r  smal l  Mach numbers a s soc ia t ed  with t h e  
above b l a s t  s t r e n g t h s .  Aspect r a t i o  has  a modest e f f e c t  and cannot 
e a s i l y  be  accounted f o r  f o r  t h e  odd shapes t o  be addressed. Ground 
e f f e c t s  a r e  much t o o  complex t o  b e  handled i n  t h e  p resen t  development, 
and a r e  u~idoubtedly l e s s  important than  Reynolds number and corner  
r a d i i  ef f  wts. 

Thus!, it remains t o  determine c a s  a func t ion  of a.  The ang le  a 
i s  t h e  anj:le between t h e  m a t e r i a l  veyoci ty vec to r  and t h e  inward fac ing  
su r face  normal. This  i s  t h e  same a s  t h e  angle  a defined i n  t h e  previous 
d i v i s i o n ,  except t h a t  t h e r e ,  i n  cons ider ing  t h e  d i f f r a c t i o n  loading ,  t h e  
veh ic l e  was assumed not  t o  move. I n  t h e  drag loading d e f i n i t i o n ,  t h e  
instantaneous o r i e n t a t i o n  of t h e  v e h i c l e  i s  used, s o  t h a t  t h e  present  a 
may be  c o ~ ~ s i d e r e d  t o  be  a gene ra l i za t ion  of t h e  a used i n  de f in ing  the  
d i f f r a c t i o n  phase loading.  

Firs t :  consider  a block wi th  t h e  shock f r o n t  p a r a l l e l  t o  one f a c e  
0 

(a=O ) .  I'or t h e  oppos i t e  f a c e ,  a = 180'. References 6 and 7 i n d i c a t e  
t h a t  an average va lue  of 1.25 f o r  C i s  reasonable.  A t  t h e  same time, a 

D good average va lue  of c f o r  t h e  leeward su r face  seems t o  be about -0.4 
Hence, s i n c e  C i s  r e l a t e d  t o  a p re s su re  d i f f e r e n t i a l ,  a va lue  of 0.85 
f o r  c i s  adopeed f o r  t h e  windward sur face .  

P 

Having assumed -0.4 and 0.85 a s  va lues  of c on t h e  leeward and 
0 windward .$.ides (as0 and a=180°), it is necessaBy t o  extend t h e  formulat ion 

f o r  a r b i t r a r y  va lues  of a .  Referr ing t o  experimental  evidence i n  Reference 
7 again,  there  i s  i n d i c a t i o n  t h a t  t h e  va lue  of c decreases by approx- 
imately a func t ion  of cosa f o r  a23o0 but  t h e r e a f t e r  somewhat f a s t e r  
u n t i l  a va lue  of approximately -0.4 o r  -0.5 is reached a t  about 105'- 
110'. Thus, t h e  fol lowing approximate formula is adopted: 

6 ~ o e r n e r ,  S . F. , "Fluid-Dynamic Drag", 19 65. 

I Hankins, Dorr i s  M . ,  Experimental Pressure  D i s t r i b u t i o n s  and Force 
Coefficic!nts on Block Forms f o r  Varying Mach Number, Reynolds 
Number, and Yaw Angle, SC-4204(TR), January, 1959. 
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SECTION 4 

EQUATIONS OF MOTION 

In th.e preceding sections, the mass model, the generalized coordinates, 
and the farces from the springs, dampers, and tires have been introduced. 
In order to obtain the equations of motion, the inertia terms must be de- 
fined and the various forces must be converted to generalized forces. 

4.2 Inertia Terms 

The body-axis components of the acceleration of a mass are 

These equations may be found in Reference 8, although with different 
variable names. As before, a dot indicates differentiation with respect 
to time. ?'he time derivatives of the lengths may easily be defined in 
terms of the time derivatives of the generalized coordinates in Table 1. 

8~obbs, Norman P., Zartarian, Garabed, and Walsh, John P., 
, A Digital Computer Program for Calculating the Blast Response of 

Aircraft to Nuclear Explosions, Volume 1, Program Description, 
Am-TR-70-140, Vol. 1, April, 1971. 



The inertia terms in the equations of motion may be defined by taking 
the dot product of the acceleration vector and the vector which defines the 
displacement of a mass due to a unit displacement of a generalized coordinate, 
and by then integrating the mass times this dot product over all the masses. 
For the generalized coordinate g Eor example, the displacement of a mass 

ponding inertia term is thus 
A' due to a unit displacement has t e components (-L Lx, 0 ) .  The corres- 

Y' 

Recalling that the lengths, L, are measured from the vehicle center of 
gravity and that symmetry exists about the y-z plane, and introducing 
the discrete masses, M, and their inertias, I, about their own centers of 
gravity, considerable simplification is possible, leading to 



The assumption tha t  the product of i ne r t i a ,  I is non-zero only for  z' the truck body mass has been used i n  the abovg expression. In addit ion,  
subst i tut ions  such a s  L = g - .t g + !L have been made, where i t  
w i l l  be recalled tha t  tge  leggth '?,'is mgagured from the center of 
gravity of the individual mass. 

From the above expression, i t  is  apparent t ha t  the i ne r t i a  terms 
may be separated in to  two par t s ;  those involving second derivatives and 
those not involving second derivatives.  The coeff ic ients  of the second 
derivative terms form the generalized mass matrix, which i s  given i n  
Table 3 .  B,?cause of the use of body axes and the assumption of small 
d i s tor t ions ,  the  mass matrix is  constant. The terms not involving 
second derivatives a r e  called i n e r t i a  forces here, and these a r e  l i s t e d  
i n  Table 4. 

4 . 3  GeneraILized Forces 

The fo:cces from the springs and dampers and t i r e s  have been derived 
i n  Section :! and the aerodynamic loading was developed i n  Section 3 .  
These force!; need t o  be converted t o  generalized forces for  use i n  the 
equations o:C motion. 

The sp~cing/damper forces w i l l  be designated as  F . These forces 
a r e  i n  the  direct ions  of the  springs or dampers. I n  Bivision 2 . 3 ,  a X 
transformat:ion matrix was defined which converts generalized coordinate 
displacemenl~s i n t o  spring elongations. The generalized force may be 
found by taking the dot product of the  spring force vector with the spring 
displacemenl: vector corresponding t o  a un i t  displacement of the generalized 
coordinate. Thus, the generalized force, GF, becomes simply 

It w i l l  be recalled tha t  X contains no elements corresponding t o  the 
f i r s t  s i x  degrees of freedom; t h a t  is, corresponding to  the generalized 
coordinates for  overal l  vehicle motion. Hence, the spring generalized 
force for  each of t he  f i r s t  s i x  coordinates is zero, which i s  physically 
obvious since an in te rna l  force cannot produce overal l  vehicle motion. 

The t i r e  forces derived i n  Division 2 . 4  a r e  i n  body-axis components, 
and a re  desilgnated by Ft. The conversion to  generalized forces is  
obvious from the above considerations, and the r e su l t s  a re  given in  
Table 5. 

The ae1:odynamic forces from Section 3 ,  Fa, a r e  a lso in  body-axis 
components. The associated generalized forces a re  given i n  Table 6. 

The generalized forces due t o  gravity may be expressed i n  terms of 
the  6 transformation matrix which r e l a t e s  earth-fixed axis  motions to  
body-axis mc~tions. 



TABLE 3 

GENERALIZED MASS MATRIX 



TABLE 3 (CONT'D.) 

GENERALIZED MASS MATRIX 

Note that M. = M.,. and that M = 0 if not listed. 
~ ' i  1 J i'j 

Sumaatians extend over all masses. 

Where there is no summation, the mass or inertia is that associated 
with the particular degree of freedom. 



TABLE 4 

INERTIA FORCES 



TABLE 4 (CONT'D.) 

INERTIA FORCES 



TABLE 5 

GENERALIZED FORCES FROM TIRE FORCES 

Note: Since t h e  a x l e s  have only $ and y degrees of freedom, GFt , 
X 

GFt , GFtg , and GFt a r e  not  requi red .  + Z 

* For a t racked veh ic l e  with no a x l e  connecting t h e  two t i r e s ,  t h e  
F con t r ibu t ion  must be d iscarded;  hence, - GFt - Lx Ft f o r  a 

tx  X Y 
t racked veh ic l e .  



TABLE 6 

GENERALIZED FORCES FROM AERODYNAMIC LOADS 

= C Fa 
GFa6 a l l  z  

GF = [ - E F  + E F  I 
s h e l t e r  Y ax  x a  Y 

GF = 
a y s h e l t e r  y  

- - F a  + E F I 
GFa$ s h e l t e r  y  Y a ~  

GFa - 
z s h e l t e r  z  

, Note: Aerodynamic loads  do not  a c t  on t h e  r acks ,  which a r e  ptesumed t o  * 

be i n s i d e  t h e  s h e l t e r .  Aerodynamic loads  on t h e  t i r e s  a r e  allowed only  
i n  t h e  x d i r e c t i o n ,  and t h e  a x l e s  do not have a n  x degree of freedom. 
Hence, g ,?neral ized f o r c e s  from t h e  aerodynamic loads  e x i s t  only f o r  t h e  
o v e r a l l  veh ic l e  degrees of freedom and t h e  s h e l t e r  degrees of freedom. 



For overall vehicle degrees of freedom, summation over all masses is 
required. For individual masses, of course, only the relevant mass is 
used. No generalized forces due to gravity exist for the rotational 
degrees of freedom since the centers of gravity are used as references. 

The inertia forces, Fs, are generalized forces and need no further 
definition. The resulting equations of motion are 

The right-hand side of Eq. 44 contains no second derivatives; hence, 
knowing displacements and velocities, the right-hand side may be eval- 
uated. Multiplying the right-hand side by the inverse of the generalized 
mass matrix then gives the generalized accelerations. Note that the 
generalized mass matrix is constant, and may thus be inverted once and 
for all. Having the generalized accelerations, the generalized displace- 
ments and velocities a short time later may be estimated. The process 
then is repeated, advancing time until the desired time period has been 
covered. Estimation of displacements and velocities is accomplished 
using fifth-order open Adams integration. 



SECTION 5 . . . . . .  

COI.IPUTER PROGRAM 

5.1 General Description 

A computer program has been prepared based upon the formulations 
i n  the previous sections. This program (TRUCK, version 2.0) is wri t ten 
in  standard ANSI FORTRAN and consis ts  of 43 user-supplied routines 
and approximately 4400 card images. This section describes the 
organization of the  code (subsection 5.21, the operation of the code 
(5.3), program input (5.4), program output (5.5), and presents an 
example problem i n  subsection 5.6. In addition, Appendix A presents. 
a macro cross-reference l is t  of a l l  program variables and Appendix B 
a complete source l i s t i n g  of t he  code. 

A s  an introduction t o  the inner workings of the  code, the major 
program steps  a r e  outlined below i n  sequential  order: 

1)  Input data a re  read. The input is described i n  d e t a i l  i n  
division 5.4. 

2) The vehicle center of gravity posit ion is  calculated and the 
reference point i s  shif ted to  the  center of gravity. 

3) The X matrix, which transforms generalized coordinate displace- 
ments in to  spring elongations, i s  formed. 

4) The vehicle i s  trimmed; t ha t  is, the generalized coordinate 
displacenlents which place the vehicle i n  equilibrium under the 
action of gravity,  t i r e  forces, and spring forces a re  determined. 
Because the spring and t i r e  forces a r e  non-linear, a t r i a l  and 
error  pracedure must be used. Basically, each generalized coordinate 
is perturbed very s l i gh t ly ,  and the resul t ing changes i n  generalized 
accelerations a r e  found. This gives approximate local  derivatives 
which can be extrapolated t o  find an estimated equilibrium s t a t e .  
The process i s  repeated u n t i l  acceptable convergence is  obtained. 

If  g,uy wires a re  present on the she l te r ,  a preliminary trimming 
takes place, i n  which the she l te r  and racks a re  trimmed with the guy 
wire loads a t  the  specified values. This trim takes place with the 
truck body assumed to  be horizontal. This pretrim allows the guy 
wire force-deflection curves t o  be biased so tha t  the subsequent 
overal l  trim can take place with the guy wires t reated a s  ordinary 
springs. The overal l  t r i m  w i l l  change the guy wire loads due t o  
the f ac t  tha t  the  truck body w i l l  not ,  i n  general, end up horizontal .  
The change w i l l  be s l i g h t ,  however. 

5) The generalized mass matrix is  calculated and inverted. 

6) The main response loop begins. Within t h i s  loop, the 
following; steps take place. 



a) The Euler angles are calculated. 

b) The B transformation matrix is determined. 

c) The earth-fixed axis position of the vehicle is found. 

d) The springs are checked to see if any of them have 
bottomed out. If they have, rebound calculations 
are made to determine the new generalized velocities, 
and the numerical integration is restarted. 

e) Generalized gravitational forces are calculated. 

f) Generalized spring and damper forces are determined. 

g) Generalized tire forces are calculated. This calculation 
requires determining the state of the tire - off the 
ground, sliding, or not sliding. 

h) The generalized aerodynamic forces are determined. 

i) The inertia forces are claculated. 

j )  The above generalized forces are accumulated and 
the result multiplied by the inverse of the mass 
matrix to yield the generalized accelerations. 

k) Integration takes place to estimate the generalized 
displacements and velocities one time step forward. 

1) The cycle is repeated until the time reaches the stop 
time specified in the input. 

7) Upon completion of the time-history response, a determination 
is made whether the vehicle has overturned. Ifthe user has selected 
the iterative option, the program then automatically adjusts the peak 
incident overpressure and reruns the response (Step 6) until the 
threshold of overturning is determined to within approximately 2% 
on overpressure. 

8) At this point the process is repeated (Steps 6 and 7) for other 
blast orientations and yields, if requested, in order to generate 
vulnerability envelopes or other response runs. 

9) A different vehicle can be analyzed, beginning with Step 1. 



5.2 - Desc.ription of Routines, Common Blocks, and Dimensioned Variables 

Table 7 lists all the routines and common blocks which make up 
the TRUCK code and gives the length of each common. An "X" indicates 
that a particular common belongs in a particular routine. The names 
of variab.les within common blocks are the same throughout the program. 

Program flow diagrams of the major routines are presented in 
Figures 9 through 13. These figures indicate in more detail the 
program steps outlined in division 5.1. 

Tables 8, 9, and 10 are intended to provide all the information 
necessary to increase or decrease dimensions within the program. 
Table 8 lists in both parametric and numeric forms the current maximum 
dimension:s. These dimensions should also be consulted when forming 

' input (division 5.4) to be sure the data is within the limits of 
the pr0gr.m. 

If either larger or smaller dimensions are desired, Table 9 lists 
program changes required by specific changes in dimensions. Table 10 
then lists all the dimensioned variables which might need to be changed. 
These variables are all located in common. Variables whose dimensions 
need not be changed are not listed. 

5.3 Program Operation 

The TRUCK program was written in ANSI standard FORTRAN IV and 
I 

developed on a (CDC) 6600 computer under the SCOPE 3.4.4 operating 
system. The code should be easily adaptable to any modern, large 
scientific computer. Double precision is required for systems utilizing 
a relatively short word length. 

Blank common is utilized in order to minimize the core required to 
load and execute. Using compile option "OPT=l" (a medium optimization 
level) the code requires 29 seconds to compile and 131,000 octal cells 
of memory to load and execute. 

Computation times will vary considerably, depending on the vehicle, 
the complexity of the model, and the number of orientations considered. 
The example problem described in subsection 5.6 required 220 cp seconds 
for 2540 integration steps (primary At = 0.5 msec). 

Input and output are equated with logical files TAPE5 and TAPE6, 
respectively. TAPE8 is reserved for graphics, although the code does 
not include any graphics at this time. 



TABLE 7 

TRUCK ROUTINES AND COMMON BLOCKS 

LENGTH 
OF 

COKMON 

" " " " " " V " "  

I I l l 1 1 l l l l l l l l l l l 1 l l i l l l l l l l 1 1 Y  1 

o 
* * 2 

4 
2 w N 

0 0  
~ ~ o m n d ~ ~ ~ ~ ~ ~ o ~ o 4 m o o 4 ~ ~ ~ o ~ ~ ~ o ~  

m  
m N  
- t m . . -  
1 0 0 0 3  .. N mC.7 4 

m o - t r " " , . .  
c.7 



START 

4 I NJOB - 0 ] 
1 

NJOB = NJOB + 1 
1 

\ READ I N  I D D  1 
F 
I STOP 

YES 

GEOM 
AERO (0) 1 TRIM ' I 

4 
\ READ I N  KDAM, KBLAST / 

.1 
1 SUMTAB(0) 

1 
I 

- I\ READ I N  BLAST DATA 

P R I N T  
FINAL 
SUMMARY 

NOR = 0 
NORMAX = NO. OF ORIENTATIONS 

I 

( AERO, (1) I 
I 

SUMTAB ( 2 )  NO YES I 
FIGURE '9. PROGRAM TRUCK FLOW DIAGRAM 
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B E G I N  

0 < KAERO > 1 4 
I I L " L " f i "  

ATMOS 

\ /  
I 

---I--- 

u I S E T  G E N E R A L I Z E D  
AERODYNAMIC I 

HYTRUK (3 - 
I F O R C E S  = 0 I -'-I--- 

T I M E  > RETURN 
RETURN 

DURATION 

COMPUTE ai A 
HYTRUK ( 2 )  & 

D I F F L  a 
SUM U P  G E N E R A L I Z E D  

AERODYNAMIC F O R C E S  

F O R  A L L  G R I D  AREAS 

I 
RETURN 

F I G U R E  10.  FLOW DIAGRAM F O R  S U B R O U T I N E  AERO 



BEGIN a 

T I R E S  - 
YES SUM UP GENERALIZED 

FORCES FOR 
GRAVITY, S P R I N G S ,  
T I R E S  

RFORCE 

SUM ALL EXTERNAL 

GENERALIZED FORCES 
C 

RETURN c3 
FIGURE 11. FLOW DIAGRAM FOR SUBROUTINE EXTRNL 



BEGIN Q 

RETURN (i 
FIGURE 1 2 .  FLOW DIAGRAM FOR SUBROUTINE MOTION 



BEGIN Q 

SAVE RESULTS r - i  
RETURN ci 

FIGURE 13. FLOW DIAGRAM FOR SUBROUTINE TRIM 



TABLE 8 

MAXIMUM DIMENSIONS I N  TRUCK 

Descr ip t ion  of Variable 

Number of S h e l t e r  Springs pe r  Side 
Number of Guy Wires per S ide  
Number of Racks per  Side 
Number of Axles 
Number of Bogie Springs per  Side 
Number of T i r e s  per  Axle per  Side 
Number of Springs per  Axle per  Side 
Number of Springs per  Rack per  Side 
T o t a l  E n t r i e s  i n  a l l  Force-Velocity 

Tables per  Side 
To ta l  E n t r i e s  i n  a l l  Force-Displacement 

Tables per  Side 
Number of Aerodynamic Boxes 
Number of Aerodynamic Grid Areas per  Surface 

pe r  Box 
Number of D i s t i n c t  Or i en ta t ions  pe r  Job 
Number of D i s t i n c t  Weapon Yields pe r  Job 
T o t a l  Number of Springs 
To ta l  Number of Masses 
To ta l  Number of Degrees of Freedom 

Variable 

KSHELT 
WIRES 
KRACKS 
KAXLES 
KBOG 
NTIRES 
NASPR 
NRSPR 

MDIMDP 

MAXSPR 
NBOX 

NPS 
JMAX 
KMAX 
MSPRNG 
MASSES 
MDOF 

Maximum 
Dimension 

* 
No LAmit 

4 ,  
3 ,  
6, 
2 ,  
3  * 

No Limit, 
No Limit 

I * 
Spec ia l  Cons t ra in ts :  I 

I MSPRNG Z 2  [(I-KRIGID)(KSHELT+KWIRES+KBOG) I 
+KBOG + CNRSPR + NASPR] 

KRACKS KAXLES 

I 0 ,  KSHELT=O 
MASSES E 1 + KRACKS + KAXLES - KRIGID + 

1, KSHELT>O 

{ 6 ,  KjEiEiT=G 
MDOF E 6 - 5 KRIGID + 2 KAXLES + 12 KRACKS + 2 4 ,  KSHELT>O 



TABLE 9 

PROGRAM CHANGES NECESSITATED BY DIMENSION CHANGES 

When Changing the I Also Change the Fixed-Point Number 
Dimension Corresponding to: in the Indicated Statement 1 

1 * I Subroutine Location I 
MDIMDP 
MDOF 
MASSES 
KRACKS 
JMAX 
KMAX 
JMAX or KMAX 
MDOF 
MDOF 

MSPRNG 

BLOCK DATA 
BLOCK DATA 
BLOCK DATA 
BLOCK DATA 
SUMTAB 
smmAB 
SUMTAB. 
MATXIN 
RELAX 

BLOCK DATA 

* 
The location code is interpreted as follows: 

Sh refers to the nth line after statement number S. 

MAXSPR BLOCK DATA 1 



TABLE 10 

LIST OF DIMENSIONED VARIABLES 

VARIABLE (DIMENSION) 

QR (2*MDOF) 

QRD (6,2*MDOF) 

QRP (2*MDOF) 

EXPAN (MSPRNG) 

NBOTTOM (MSPRNG) 

SBOTM (MSPRNG) 

VEL (MSPRNG) 

FAERO (MDoF i3j ) 

FORCE (MDOF) 

GENACC (MDOF) 

GENDIS (MDOF (2)) 

GENVEL (MDOF (2)) 

XBARCM (3, MASSES+KRACKS) 

CGMASS (MASSES+KRACKS) 

CGPOS (3, MASSES+KRACKS) 

DAMPF (MDIMDP) 

DAMPV (MDIMDP) 

ISDAMP (MSPRNGf2) 

NPDAMP (MSPRNG/~) 

DISP (MSPRNG) 

COMMON BLOCK ASSIGNMENT 

ADAM 

ADAM 

ADAM 

BOTM 

BOTM 

BOTM 

BOTM 

CALC 

CALC 

CALC 

CALC 

CALC 

CALC 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DATAIN 

DELTAS 



TABLE 1 0  (CONT'D) 

LIST OF DIMENSIONED VARIABLES 

VARIABLE (DIMENSION) 

FGRAII (MDOF) 

F I  (MDOF) 

FTIRlrS (MDOF) 

SPRNC (MDOF) 

FORC (MSPRNG) 

V (M$IPRNG) 

GENDIX (MDOF) 

XLAMoA (MSPRNG, MDOF-6) 

JFIR (NPS, 6 ,  NBOX) 

KTS (NBOX) 

NPS (6 ,  NBOX) 

S (NPS, 6,  NBOX) 

S I 1  (NPS, 6 ,  NBOX) 

SI2 (NPS, 6 ,  NBOX) 

S13 (NPS, 6 ,  NBOX) 

S14 (NPS, 6 ,  NBOX) 

S J 1  (:NPS, 6 ,  NBOX) 

552 (:BPS, 6 ,  NBOX) 

SJ3  (IXPS, 6 ,  NBOX) 

SJ4 (]\IPS, 6 ,  NBOX) 

TD (NI'S, 6 ,  NBOX) 

COMMON BLOCK ASSIGNMENT 

EXTD I M  

EXTDIM 

EXTDIM 

MTDIM 

FSPDIM 

FSPDIM 

ITER 

BLANK COMMON 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 

LOAD 



TABLE 10 (CONT'D) 

LIST OF DIMENSIONED VARIABLES 

VARIABLE (DIMENSION) 

XBOX (NPS, 6, NBOX) 

YBOX (NPS, 6, NBOX) 

ZBOX (NPS, 6, NBOX) 

XMASS (MDOF (I), M)OF (1) ) 

KOL (MDOF) 

ROW (MDOF) 

AMAX (MDOF) 

AMIN (MDOF) 

ANGLE (JMAX) 

CIP (JMAX, KMAX) 

CIQ (JMAX, W) 

CPSIG (JMAX, KMAX) 

CPSO (JMAX, KMAX) 

CRKM (JMAX, KMAX) 

DMAX (MDOF) 

DMIN (MDOF) 

IFL (JMAX, KMAX) 

SMAX (MSPRNG) 

SMIN (MSPRNG) 

TAMAX (MDOF) 

TAMIN (MDOF) 

TDMAX (MDOF) 

COMMON BLOCK ASSIGNMENT 

LOAD 

LOAD 

LOAD 

MAS s 

MATDIM 

MATDIM 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

W I N  

MAXMIN 

MAXMIN 

MAXMIN 



TABLE 10 (CONT'D) 

L I S T  O F  DIMENSIONED VARIABLES 

VARIABLE (DIMENSION1 - 
TDMIN (MDOF) 

TSMAX (MSPRNG) 

TSMIN (MSPRNG). 

TVMAX (MDOF) 

TVMIN (MDOF) 

VMAK (MDOF) 

VMIlU (MDOF) 

YIELD (KMAX) 

KAXI;B (KBOG) 

NASl?R (KAXLES) 

NRSI'R (KRACKS) 

XBOGIE (KBOG) 

PREI.OD (KWIRES) 

DELI: (MDOF) 

IP (:MDOF) 

PRES (MDOF) 

PX (:MDOF) 

RREI, (MDOF) 

SIGX: (MDOF) 

XRES (MDOF, MDOF) 

xxl (MDOF) 

COMMON BLOCK ASSIGNMENT 

MAXMIN 

W I N  

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

MAXMIN 

OPTION 

OPTION 

OPTION 

OPTION 

PRELOD 

RLP 

RLP 

RLP 

RLP 

RLP 

RLP 

RLP 

RLP 



LIST OF DIMENSIONED VARIABLES 

VARIABLE (DIMENSION) 

FOFX (MAXSPR) 

JCURVE (MSPRNG/2 + 2) 

NPPC (MSPRNG12 + 2) 
X (MAXSPR) 

NTIRES (KAXLES) 

TLX (NTIRES, KAXLES) 

TLY (KAXLES) 

TLZ (KAXLES) 

DELTNX(~, 2, NTIRES*KAXLES) 

DELTNl (3, 2, NTIRES*KAXLES) 

DTTNX (2, NTIRES*KAXLES) 

DTTN~ (2, NTIRES*KAXLES) 

SLID (2, NTIRES*KAXLES) 

ER (MDOF (2)) 

WGTS (MASSES+KRACKS) 

COMMON BLOCK ASSIGNMENT 

SPRING 

SPRING 

SPRING 

SPRING 

TIREC 

TIREC 

TIREC 

TIREC 

TIREC 

TIREC 

TIREC 

TIREC 

TIREC 

TRMDIM 

WEIGHT 

Suecia1 Constraints: 

(1) Dimension must be MDOF or 6, whichever is greater. 

(2) Dimension must be MDOF or 8, whichever is greater. 

(3) Dimension must be MDOF or 12, whichever is greater. 



5.4 Input Data 

This section is intended to provide the user with the necessary 
instructions to generate card input for the TRUCK code. Tables 11 and 
12 contain the basic input instructions, while the following discussion 
contains general remarks and amplification of some of the specific 
instructions. 

The input data are specified in groups, where each group begins on 
a separate card. More than one card may be required for a group, 
however. The variable type and format corresponding to each data group 
are given in Table 12 and are always in fields of 12, except for Group 
1. For convenience, floating point numbers can be left justified in the 
field as :Long as the exponent is right justified. Also, zero values can 
be replaced by a blank field. Columns 73 through 80 are not used for 
data and (:an be used for card identification or other purposes. 

All j-nput parameters, where appropriate, should be compared with 
the maxim~lm dimensions provided for in the program, as delineated in 
Table 8. This is important since the program does not check all input 
for violat.ions . 

In general terms, the input consists of defining: 1) the mechan- 
icalmodel of the vehicle, 2) the aerodynamic model, and 3) the blast 
characteristics. The axis system used to define both the vehicle and 
aerodynamic models is shown in Figure 1. The origin to be used for data 
input is arbitrary except that the x = 0 plane defines the vehicle plane 
of symmetry. The units to be used are as follows: 

2 .  Mass in lb-sec lm 
Length in inches (unless otherwise stated) 
Time in seconds 

The restriction to the above set of units results from th? fact that the 
blast char,scteristics routines provide pressure in lbsjin . Note that 
the accele.ration due to gravity in Group 23 of Table 12 must be specified 
as 386.0 in order to be consistent with the above units. 

Group 1 of the data represents a free field run identifier which 
might contiiin vehicle identification, the date, etc. It is not used 
within the program, unless it begins with "END". The "END" represents a 
flag which terminates the run; otherwise multiple runs can be stacked 
one behind the other. 

Group 2 dictates whether the vehicle has conventional tires 
(IOPT=O) 01: is a tracked vehicle such as a rank (IOPT=l). 

The basic components of the vehicle system are indicated in Group 
3. Table 1.1 should be consulted to make sure a consistent set of data 
is selectec.. 



TABLE 11 

ACCEPTABLE INPUT PARAMETERS FOR 
MAJOR PROGRAM OPTIONS 

OPTION B 

MINIMUM OF 10 DEGREES 
FREEDOM. 

0 

2 , 3 , 4 , 5 , 6  

0 , 1 , 2 ,  ..... 
0 if KSHELT=O; 
0 , 1 , 2 , 3 , 4  
otherwise 

0 ,  1, 2 

0 ,  1, 2 ,  3 

1, 2 

r 
INPUT 

PARAMETER 

KRIGID 

KAXLES 

KSHELT 

KWIRES 

KBOG 

KRACKS 

KTS (N) 
( a l l  N) 

- 

OPTION A 

RIGID BODY - THREE 
DEGREES OF FREEDOM 

1 

1 

0 

0 

0 

0 

1 



INPUT DATA 

GROUP FORMAT 

1 40A2 

2 I12 

INPUT DATA 

Run identification, up to 80 characters: IDD 

Vehicle type: IOPT 
0, Wheeled Vehicle 
1, Tracked Vehicle 

Configuration data: 
KSHELT, KWIRES, KRACKS, KAXLES, KBOG, 
KRIGID 
KSHELT = Number of springs (not 

including guy wires) 
attaching left side of 
shelter to left side of 
truck (0 if shelter is 
rigidly attached to truck or 
no shelter at all). 

KWIRES = Number of guy wires on left 
side of shelter (0 if KSHELT 
= 0). 

KRACKS = Number of racks in left side 
of shelter (0 if racks are 
rigidly attached to shelter). 

KAXLES = Number of axles on truck. 
KBOG = Number of bogie springs on 

left side of truck. 
KRIGID = Rigid body flag: 0 gives 

ordinary run; 1 gives three 
degrees of freedom run - roll, 
sideslip and heave. See Table 
11. 

Number of tires on left end of each axle: 
NTIRES (I), 1-1, KAXLES 

Number of springs on left side of each 
axle, not including bogie springs: 

NASPR (I), I=l, KAXLES (0 if KRIGID=l) 

Number of springs on each rack in left 
side of shelter: 

NRSPR(I), I=l, KRACKS (Omit Group 6 if 
KRACKS = 0) 



INPUT DATA 

GROUP 

7 

FORMAT INPUT DATA 

4F12.1 Masses and t h e i r  l oca t ions .  Each card con- 
t a i n s  t h e  mass value  and t h e  x,  y ,  and z 
coordina tes  of i ts  cen te r  of g rav i ty .  One 
card f o r  each mass. Order of masses is:  

Vehicle body 
Axles ( f ron t  t o  r e a r ,  inc lude  i n  v e h i c l e  

body mass i f  KRIGID=l) 
S h e l t e r  (included i n  veh ic l e  body mass 

i f  s h e l t e r  r i g i d l y  a t tached)  
Racks i n  l e f t  s i d e  of s h e l t e r  ( a l l  - 

racks included i n  veh ic l e  body 
mass i f  racks  r i g i d l y  a t t ached) .  

The number of cards  w i l l  be (l+KAXLES+ 
WCKS) i f  KSHELT=O, and (Z+KAXLES+WCKS) 
i f  KSHELT>O. I f  KRIGID=l, t h e r e  is only 
one card .  

F12.1 Product of i n e r t i a  of mass 1, I . Other 
prcd-cts c f  i n e r t i a  a r e  assurcedYEn be zero;  

3F12.1 Mass moments of i n e r t i a ,  I 
I X X '  yy' I zz '  

The number of ca rds  i s  t h e  same a s  i n  
group 7 .  

6F12.1 Attachment po in t s  f o r  a x l e  spr ings .  Each 
card w i l l  conta in  t h e  x ,  y ,  z coordina tes  
of t h e  poin t  on t h e  veh ic l e  body t o  which 
t h e  s p r i n g  is a t tached and t h e  x,  y ,  z 
coordina tes  of t h e  poin t  on t h e  ax le  t o  
which t h e  s p r i n g  i s  a t t ached .  One card 
f o r  each l e f t - s i d e  a x l e  spr ing .  The 

KAXLES 
number of cards  w i l l  be NASPRCI). 

T = l  - A 
(omit Group 10  i f  KRIGID=l) 

2F12.1 y and z - coordina tes  of one a x l e .  

6F12.1 x - coordina tes  f o r  wheels on a x l e  described 
i n  Group 11, ordered from inside-out .  

(Repeat Groups 11 and 12 f o r  each a x l e )  



TABLE 12 (CONT'D) 

INPUT DATA 

GROUP FORMAT 

13 I12,F12.1 

INPUT DATA 

Attachment points for bogie springs. One 
card for each left-side bogie spring. Each 
card will contain the number of the forward 
axle of the pair comprising the bogie and 
the x coordinate of the bogie spring. 
(The bogie spring is assumed to act parallel 
to the y axis and the bogie is assumed to 
be symmetrical.) (Omit Group 13 if KBOG=O) 

Attachment points for shelter springs. One 
card for each left-side shelter spring. 
Each card will contian the x, y, z coor- 
dinates of the point on the vehicle body to 
which the spring is attached and the x, y, 
z coordinates of the point on the shelter 
to which the spring is attached. (Omit 
Group 14 if KSHELT=O). 

Attachment points for guy wires. One card 
for each left-side guy wire. Each card 
will contain the x, y, z coordinates of the 
point on the vehicle body to which the guy 
wire is attached and the x, y, z coordinates 
of the point on the shelter to which the 
guy wire is attached. (Omit Group 15 if 
KWIRES=O) . 
Attachment points for rack springs. Each 
card will contain the x, y, z coordinates 
of the point on the left rack to which' the 
spring is attached and the x, y, z coordinates 
of the point on the shelter to which the 
spring is attached. One card for each 
left-side rack spring. The number of 

KRACKS 
cards will be NRSPR(1). 

1=1 - - 
(Omit Group 16 if KRACKS=O). 

Preloads in guy wires, one number for each 
left-side guy wire. (Omit Group 17 if 
KWIRES=O). 



TABLE 12 (CONT'D) 

INPUT DATA 

GROUP FORMAT INPUT DATA 

18 112, (6F12.1) Non-linear damping force-velocity curves. 
One curve for each left-side spring. 
Order of the springs is: 

Axle springs on left side 
Bogie springs on left side 
Shelter springs on left side 
Guy wires on left side 
Rack springs on left side 

The number of curves will he 
KAXLES KRACKS 
C NA~PR(I)+KBOG+KSHELT+KWIRES+ C NRSPR(I) 
1=1 1=1 
(If KRIGID=l, there will be no curves, so 
this group will be omitted). Each curve 
will be described by several points on the 
curve. The points must proceed from the 
compression stroke (negative velocity, 
positive force) to the rebound stroke 
(pcsitive ve1ccit:~, cegative fcrce) . m e  
extreme compression and rebound velocities 
must be large enough to include any veloc- 
ities which may be encountered during the 
response calculations. For each curve, 
the first card will contain the number of 
points that will be specified for the curve. 
Subsequent cards will contain velocity-force 
pairs, each pair defining a point. There 
will be three pairs per card. The program 
dimensions permit the number of curves to 
be MSPRNG/2-KBOG. The total number of points 
defining the curves can be no greater than 
MDIMDP (see Table 8). 

Tire damping coefficients. Forces per unit 
velocity in the radial and tangential 
directions. Both coefficients should be 
input as positive numbers. 

112, (6F12.1) Non-linear spring force-displacement curves. 
One curve for each left-side spring. The 
order and number are as described in Group 
18. Each curve will be described by several 
points on the curve. The points must pro- 
ceed from compression (negative displace- 
ment, positive force) to tension (positive 



INPUT DATA 

GROUP FORMAT INPUT DATA 

displacement, negative force). The extreme 
compression and tension displacements are 
interpreted as defining bottoming of the 
spring. For each curve, the first card 
will contain the number of points that will 
be specified on the curve. Subsequent cards 
will contain displacement-force pairs, each 
pair defining a point. There will be three 
pairs per card. The total number of points 
defining the curves, including groups 21 
and 22, can be no greater than MAXSPR 
(see Table 8). 

21 112,(6F12.1) Tire non-linear force-normal displacement 
data. Specified in same manner as Group 
20 data, except that positive displacements 
will, of course, give zero.force and bottom- 
ing out is not included. Hence, first data 
point should be a large enough (negative) 
displacement to include any displacement 
which may be encountered during the response 
calculations and last point specified should 
be 0.0, 0.0. 

22 112, (6F12.1) / Tire non-linear force-tangential displacement 
data. Specified in same manner as Group 20 
data, except that only magnitudes are needed 
and there is no bottoming out. Hence, first 
data point specified should be 0.0, 0.0, and 
last data point should be a large enough 
displacement to include any displacement 
which may be encountered during the response 
calculations. All displacements and forces 
should be positive. 

Tire radius, coefficient of sliding friction 
between tire and ground, and acceleration 
due to gravity. 

Ground slope data. ~roukd slopes in regions 
1 and 2, in radians, positive if height 
increases as one moves in the positive x 
direction; and the x coordinate at which 
the slope changes (see Figure 2). 



INPUT DATA 

GROUP - 

25 

FORMAT INPUT DATA - 

2F12.1 Response time at which run ends and primary 
integration time step. 

I12 Number of primary time steps between print outs. 

Number of rectangular boxes used in aerodynamic 
model - includes both truck and shelter boxes, 
NBOX. 

Code designating type of each box: KTS(N), N=l, NBOX 
1 - Box (shelter or otherwise) rigidly 

attached to truck 
2 - Box represents shelter and is not rigidly 

attached to truck. 

Number of aerodynamic load points on surface, 
NPS(I,N), where I refers to the surface code 
(see Figure 14). If no load is applied set 
NPS = 0. (Note: If NPS (I,N)=O, skip groups 30 
and 31. ) 

4F12.1 Loading information: 
XB(K,I,N) = x-position of load point. 
YB(K,I,N) = y-position of load point. 
ZB(K,I,N) = z-position of load point. 
S(K,I,N) = Area associated with load point. 

4F12.1 Loading information: 
SII(K,I,N) = sl 
SIZ(K,I,N) = s 
SI3(K,I,N) = 

2 
S3 SI4(K,I,N) = s 

(See Figures 4 an$ 8 for definition of s. 
Data for I = 5 and 6 are not required because 
diffraction loading is not used on the top 
and bottom surfaces. Therefore, blank cards 
should be used.) 

Repeat groups 30 and 31 for K=l, NPS(I,N) 
Repeat groups 29, 30, and 31 for I=l, 3, 

4, 5, and 6.* 
Repeat groups 29, 30, and 31 for N=l, NBOX 



INPUT DATA 

GROUP FORMAT 

32 2112 

INPUT DATA 

*Data for 1=2 is omitted because of symmetry 
with I=l. 

Code for controlling iteration: D A M .  
0, No iteration 
1, Iterate on overpressure to determine 

overturning condition. 

Blast model code: KBLAST. 
1, 1 KT sea level model 

2, 60 w1I3 meters height of burst model 

6F12.1 Blast data: PSO, AD1, ADZ, DELTA, W, ALT. 
PSO - Estimate of incident shock 

overpressure, psi 

AD1 - Azimuthal angle 1, degrees 
(-90<AD1<90) 

AD2 - Azimuthal angle 2, degrees 
(-9092190) 

DELTA - Increment in angle, degrees 
W - Nuclear weapon yield, KT 
ALT - Altitude of vehicle above 

sea level, ft. 

NOTE - Program will compute all cases from AD1 to AD2 every DELTA 
degrees, then look for another set of data under group 33 
(see Figure 3). A value of PSO = 0.0 (or a blank card) will 
terminate group 33. Additional jobs can be processed by 
returning to GROUP 1. The entire run terminates with an "END", 
beginning in column 1 of GROUP 1. 



If a bogie configuration is used, stops on the bogie pitch motion 
must be specified. Otherwise, if the wheels are off the ground, the 
bogie pitch motion will be unlimited since the bogie is completely free 
to pitch. Stops are provided by placing a spring on each bogie axle. 
The spring can supply zero force, but the last deflection specified will 
act as a stop (see Group 20). 

The data regulating the numerical integration are contained in 
Groups 25 and 26. Early in the response the program uses a relatively 
small time interval of 0.15 msec between steps to capture the rapidly 
changing diffraction phase of the blast loading. At 30 msec, however, 
the program switches to the primary At, as read in, for the remainder of 
the response. 

Several different At's may have to be tried in order to determine 
the largest At which still permits an accurate solution. The total 
computational time is nearly proportional to the At selected, so it is 
important to optimize the selection. TherAt should be halved or doubled, 
as the case may be, to determine at what point the solution becomes 
significantly affected by the choice of time interval. Once a At has 
been selected for a vehicle, it should remain valid for other blast 
levels and orientations. 

The printout frequency pertains to the primary time interval; if 
zero, all time history output is suppressed. The stop time for the 
response should be large enough to capture peak response. For an 
iteration run (Group 3 2 ) ,  the response will automatically terminate when 
the vehicle reaches a point of "no return" as far as overturning is 
concerned. 

The input data for the aerodynamic model begins with Group 27. The 
vehicle is broken down into an assemblage of rectangular boxes. Each box 
has, of course, six surfaces as shown in Figure 14. As an example, a 
truck carrying a shelter might be described using three boxes, one for 
the shelter, one for the truck cab, and one for the remainder of the 
truck body. A number of aerodynamic load points may be defined on each 
surface of each box. A load point is defined by its location, its area, 
and the appropriate values of s as defined by Figures 4 and 8. 

In Group 32 the user selects whether the run is to iterate on 
overpressure until the point at which the vehicle barely overturns is 
reached. Typically the program will require 3 or 4 iterations to 
determine the critical overpressure. 

The blast wave characteristics are also selected in Group 32 by 
either specifying a waveform corresponding to a free-air, sea level 

burst, or a 60  meters height of burst model. The characteristics of 
each are contained within the program. 
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, 
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FIGURE :14. DEFINITION OF SURFACE CODES ON AERODYNAMIC BOX 



In Group 33 key blast data are specified. An azimuthal angle of 0 
degrees corresponds to a (left) side-on exposure; + 90 a head-on 
exposure. A series of angles can be easily specified by making use of 
the automatic increment (DELTA). In this case a new estimated over- 
pressure is calculated based on the results of the previous angle. 
Additionally, the program processes new blast data on subsequent cards 
for Group 33 until a blank card is reached. 

At this point the program prints out a vulnerability summary (for 
an iteration run) and then returns to Group 1, ready to process another 
data deck. 

5.5 Output 

The normal program output consists of three parts; preliminary 
information, time-history output, and summary information. The pre- 
liminary information consists of printing out the input data and certain 
center of gravity calculations. 

The time history output occurs at intervals defined by the analyst 
in Group 26 of Table 12. The output consists of the time, the gener- 
alized coordinate displacements, velocities, and accelerations, the 
Euler angles, and the center of gravity displacements in the earth-fixed 
axis system. The order for the generalized coordinates is as defined 
in Table 1. Also printed is the "CG DISTANCE." This parameter has to 
do with the vehicle overturning. The program calculates a footprint 
defined by the projections onto a horizontal plane of the front and rear 
tire positions. The minimum distance of the vehicle center of gravity 
from the edge of this footprint is printed out. If the center of gravity 
moves outside the footprint, the vehicle is overturning. 

The summary information includes the maximum and minimum generalized 
coordinate displacements, velocities, and accelerations and the corres- 
ponding times. Maximum and minimum spring deflections and the corres- 
ponding times are also printed out. In interpreting these data, it 
must be noted that the spring numbers do not correspond to the spring 
number in the input. There are two reasons why these do not correspond. 
First, only left-side springs are input, so two springs exist for 
each spring in the input. Thus, in the summary output, odd-numbered 
springs are left-side springs, even-numbered springs are right-side 
springs. Secondly, each bogie spring ends up as four springs, one 
on each side of each axle involved. The actual spring displacement 
is really the average of the two displacements on the same side. The 
"spring displacements" for bogey springs should thus be recognized 
as really being the axle displacements at the bogey spring attachment 
points. 



In addition to the above information, the program also indicates 
whether the vehicle has overturned, and the time at which it either 
passed the point of no return, or at which the minimum value of "CG 
Distance" was recorded for a stable response. For an unstable response 
the velocity with which the center of gravity crossed the footprint 
boundary is also printed. 

For iteration runs there is one additional summary printed after 
all orientations and yields have been completed for a-particular vehicle. 
In tabular format the blast parameters corresponding to critical response 
are collected for each case. It should be noted that when iterating on 
overpressure the program always makes a final estimate of overpressure 
after the last response run, so that the final result may actually 
represent a stable or an unstable response. The important thing is that 
the estimate is considered close enough to the actual critical overpressure 
level for all practical applications. 

If an error of any kind is detected during a run the program will 
print out an appropriate message and indicate the subroutine producing 
the message. If possible the program will either continue with the 
response or cycle back for the next orientation or yield, or another 
data deck. An input error will force termination of the run. 

5.6 Example Problem 

The example problem deals with an M35A2 truck carrying a retro- 
fitted S2B0 shelter. This configuration was tested in Operation Dice 
Throw. The truck is shown in Figure 15. The two rear axles are connected 
in a bogie arrangement. The shelter is assumed to be rigidly connected 
to the truck bed and there are two racks in each side of the shelter. 
The origin for the input data'is the center of the front axle. Physical 
data on the truck are contained in Reference 9. The aerodynamic model 
is made up from two boxes, one representing the hood and the other the 
remainder of the truck plus the shelter. 

Table 13 contains a listing of the input data. It is annotated 
with the {Group number and other information to assist in correlating the 
data with the description of the input data in Table 12. 

The (outputs from the example problem run are illustrated in Tables 
14-16. T.sble 14 contains the preliminary information, Table 15 presents 
excerpts Erom the time-history output, and Table 16 contains the summary 
inf ormatism. 

'~adkowski, Peter, Letter to Noel Ethridge, BRL, dated 24 June, 1976. 
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TABLE 13 

SAMPLE PROBLEM INPUT DATA 



Group 
No. 

M3542 K ~ T H  R E T R O F I T  Y H C L T E H  k l G l D L Y  A T T A C H L O .  H A C K S  S P Y I N G - M U U N I L O .  
0 
0 0 2 5 1 
1 r' 2 
2 1 1 



Group 
NO. 

-179.07 
-160.5 
-160.0 
-1bO.o 

(18) 
0.0 



Group 
NO. 



Group 
NO. -. 



Group 
NO. 

b . 0 
0. 
END 

-226. 
b b r  
-226. 
22. 
- 2 2 6 .  
bb. 



TABLE 14  

SAMPLE PROBLEM PRELIMINARY OUTPUT 



V E H I C L E  TYPE - nnEELEO.  
S H t L T € i (  R I G I O L "  MllUNTEO. 

YUHdER OF f l & C < S  = 2  
1 # C K  N U H B E *  1 H L S  1 1  SPRI*GS. 
1 4 C l  h U M B E N  2 H L S  1 1  SPQINGS. 

TRUCK H a S  3 AXLES. 

&ILL r f s E s  SPWINGS 
1  I 2 
2  2 I 
3 2  1 

I h U t X  n l S S  

I N D E X  = I VECTOR F * O *  CG TO '4154 = 0. . 3 P a L U 2 E * O l  . l L b n S b i t U Z  
I N U E I  : 2 V E C T O *  F H U n  CG TO *.SS = 0 .  - . 2 7 1 2 1 0 E + Q d  . P B U S S ~ L * O Z  
L N D E I  ; 3 V E C l U S  F N O M  CG 1 0  'LSS = 0. - . Z I l L l b E + O Z  - . J l54UYL102  
I h u E x  = u VECIU* ~ * a *  C G  T o  v.55 = 0. - . z i i 2 1 b r t o z  - . 7 9 5 * u u ~ . o 2  
I N D E X  : 5 YECTUM F R O *  CG TO " a S S  = .>~UIOOE.U~ . 4 b 1 8 2 ~ E + 0 2  -.2B,UOUC+UZ 
I N D E z  = b V E C T U H  F a " *  CG TU * a s s  1 . ~ 9 0 1 0 0 t ~ O L  . a b T d d s E + O Z  - . 7 4 5 d O u t + u Z  



SPRING 1 

SPRING 3 
I I 
I 2  



S P R I N G  b 

S P R I N G  8 

S P R I N G  9 

S P U I N G  I 1  

w 
N 

S P Y I N G  12 

S P R I N G  I 0  

S P R I N G  I b  

S P Y I N G  1 7  

S P R I N G  18 



SPRING 2 0  

S P N I n G  21 

..- "...? .. -. .. . .." =c 

SPPING 2 3  

S P M I N G  20 

S P R I N G  2 5  

SPMING 2 6  

S P R I N G  2 7  w 
W 

S P Y I N G  1 I 
I -.b2OoOE*Ol 
2 0. 
J .lOOOOE+O3 

S P Y I N G  3 
1 
L 

I FCII 
-.50000E+01 0. 
.LOUOOE+03 0. 

I F I X )  
-.1200OEtOl .lI3OUE+O4 
0. 0. 
.lOOOOL+O3 -.Il5OOEIOb 

I *Ill 



2  

S P R I N G  9 

I 
E 

S P Y I N G  I 7  
1 
2 

S P h I N G  I 8  

i 
S P * I * G  I 9  

1  
2  

S P R I N G  20 
I 
2 

S P Y I N G  2 1  
I 
1 



SPRING 22  I F 1 1 )  
1 -.5OOOOE~OO .182SOE*or 
2 .50000E.00 -.3e25OE+O. 

SPYING 23  I F ( X 1  
I - .50000€ t00  .3825OE+O~ 
2 .50000E+00 -.38250E+04 

SPRING 2. I F C I I  
I -.50000E+00 .31250ErUu 

c " . ~ A " c .  "" .......- r u  - . jBz5"L- "u  

SPMING 25  I FC.1 
1  -.SOUOOE+O~ .ZIOOOE+01 
2  .50000E+00 - .510OuEtOl  

SPYING 2b  I F ( X 1  
1  - .50000Et00 .5100Ut+Y4 
2 .5OUOOE.UO -.SluOOE.O', 

SPRING 2 8  I F(I) 

I -.dSOOOE+OI .ZbPOOE+US 
2 - . I2500E+UU . 8 0 0 0 0 E 1 ~ 2  
3  0. 0. 

a I U I U S  UF *HEEL = . lP100E+OZ C O E F F I C I F . + ~  OF SLlOl i4G F R l C T I O I  = .8OOOoE+UO G a A v I T I  . .386OOE+uJ 
GfiOU*O SLOPES IAE GS(II = o. ~ ~ ( 2 1  = 0. r n t  ~ u s 1 1 1 t i n  O F  ~ M L  JLJPE CHINGE IS . L O O U O E . O ~  

P90GRAM n l L L  RUN U N l I L  . l ZOOOEta l  SECONDI OF PESPdhSE HAVE 8 t E , 1  C~MPUTEU.  
TWE TIWE I,IIE'IVIL ~E I *EEN S T E P S  = . 5 ~ 0 u o ~ - o 3  SLCONOS.  
P R l n r  T I *€  n IS lOWr  RrYPUNSE E v L a r  100  STEPS. 

I S P E C l l L  T I * €  INTEdrAL  OF .15000E-03 SECOUOS I S  USE0 UNT IL  .SOOOQE-UI SECOkOS. 

NUPBEY OF LER001NAMlC 80X CONFIGURbTlOhS = 2 

a 0 1  o a s l c N r r r u N  cuoc 
B l i l  ha. COOL 

I 1 d 0 1  R l G l O L l  a1TACHtD TO VEHICLE 
2 1 8 0 1  d 1 G I D L I  I I TLCHEO TU VEHICLE 



d L l S r  MUOEL - 1  < l a  SL 

RESPONSE 7"s OlrLr  

8 L l S l  ULT. 
E S I I f l A l E Q  PSOI ? S I  - . 6 0 0 0 o o E ' O I  
I Z I M U T H A L  LNGLE 1 ,  OEG = 0.  
A Z I * U T " l L  .WGLE 2 ,  O C G  = 0 .  
I N C Y E C E N I  I N  l n G L E ,  OEG = 0 .  
V IELO,  KT . 6 0 0 0 0 0 ~ r u 0  
A L l l T U O E ,  F T  . ~ Z S O O O E * O Y  

h w l e r * r  c o w l r l u w s  
P * € S S U * E ,  Pbl . 1 2 5 1 5 3 E + U 2  
3PEEO OF JJUNO, F 7 2 4 E C  = . 1 1 0 0 0 3 t r U u  



TABLE 15 , 

SAMPLE PROBLEM TIME-HISTORY OUTPUT EXCERPTS 



l O L L  I 0. , ? l r C n  ' - . 2 9 b s Y E - 0 2 .  T I *  = 0. , 1 1 0. , 1 - . 3 1 9 l l i r U L .  1 = - . J 2 3 5 7 E - 0 1  
A I  T I * L  = . T a O 0 0 0 E - u 2  S P * l h G  L J  a O l l U u S  r ~ ~ l ,  OEFLECIIU~ = - . 5 ~ 1 2 1 1 E + o o  
6 1  T I M E  = . J B o 0 0 0 t - 0 2  5 P " I N G  0 8  8 O l l u n s  ? $ , I .  O E F L ~ C ~ I O N  I . 5 0 1 b 0 J i r 0 0  
LT T I * €  = .JBOOPOE-0Z SPRING 01 8 U T l b n S  .#\I, O E F L E C T I O h  = . 5 U u ? 5 0 E + 0 0  
a 1  = . 1 1 5 0 O O E - 0 2  SPYING "9 ~ U J T U M ~  q ( # T r  O E F L E C T l O h  = . 5 i O i b 9 E + O O  
.I T I M E  : . 8 5 5 0 0 0 E - 0 2  S P R l h G  1 5  d O I T U k S  n $ l T ,  O E F L E C T I O N  = -.5YLCO3E+OO 
L\T 1 1 - E  = . 8 5 5 0 0 0 ~ - ~ 2  S P n l h ~  16  d u r T u n s  n , . r ,  DEFLECTION = - . ~ o l o a o ~ + o o  
I T  T I M E  = . 8 5 5 0 0 0 E - O L  S P R l h G  3 7  U U T l O k S  "1t7, O E F L E C T I O N  i . 5 0 3 5 5 0 E 1 0 0  

T I M E  . B 5 5 0 0 0 E - 0 2  SPRING 3 0  B O r f U h S  n $ # T .  O E F L E C l l O h  . . 5 0 J 3 5 U E + 0 0  
6 1  T I W E  2 . B J O O O O E - U ~  SPRI *G l b  dOT10"S  ~ 8 j T .  O E F L E C T I O N  = - . 5 1 1 2 2 2 E + 0 0  
l T  T I M C  = . 8 1 0 0 0 0 ~ - 0 2  s P Q l h ~  31 8OTTUms nllr, OEFLECTIO~ = .>IIUJ~E+OU 
11 T I W E  = . 1 0 8 0 0 0 E - 0 1  SPYING 2'4 BOTTUMS CUT, O E F L C C T I O N  = - .5YOu15E+00  
* f  T I M E  . L L 5 5 0 0 E - O L  SPUING Y I  8OTTUMS OUT,  D E F L E C T I O N  = . 5 0 1 1 5 8 E t 0 0  





TABLE 16 

SAMPLE PROBLEM SUMMARY INFORMATION 



DISPLACEMENTS 

..... ....... ...... ........ OOF w b ~ l n u *  11- MINIMUM TIME 



1 5  .2341bEIO1 
lb .27bOIE100 
17 .IbbllElOl 
1 8  .1J335E102 
I *  .2808UE.OI 
LO .bb99bE102 
21. .3IPa3E+OL 
Z Z  .Zla3aE.UO 
23 . u u ~ O I E + O I  
2" .PJaOsE+OI 
2 5  .Ibbb*ElOl 
2 b  .bOllYEtOL 
21, .ZObbdE+O2 
2 8  .2155ZE+00 
29 .IlOOZE.OI 
3 0  .10411E+O2 
31 .24324E*Ol 
3 2  .blOSbEtOZ 
33 .21500E+02 
3" .333S9EtOO 
35 .ZD31ZE+O1 
3 .12JPOE+OZ 

L C C E L E R A T I D ~ J  

DOF ..... M l l I M > * . .  



..+ *OI*AL EN0 OF JOB 
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APPENDIX A 

CROSS-REFERENCE LISTING OF 
ALL PROGRAM VARIABLES 



A4 - 
A B - 
ABS - 
ACOS - 
A 0 - 
ADAM - 
AOAMI - 
ADAM5 - 
A0 1 - 

ACH - 
AL OG - 
ALPHA - 
ACT - 
AM - 
AHAX - 
AHAXl  - 
AH I N  - 
A H I N I  - 
AMPY - 
AMU - 
AMUZ - 
AN - 
ANGLE - 
ATMOS - 
AJSLO - 

.---- --- R O k T I N E S  I N  WHICH THE SYMBOL APPEARS ================== 
( A N  FOLLOWS ALL ROUTINE NAMES I N  d H I C H  THE SYMBOL I S  USED.) 

AERO 0 I F F L  ENGULF* HYTRUK I NL OAO LAMBDA* MATXIN*  MOTIOK 
HULT* SETA* SOLVE* SUMTAB T I R E S *  TRUCK 
SETP* 
SET A *  
ENGULF* I N T I *   ATX XI N* PITER* RELAX SETA* SOLVE' T I R E S *  
AERO* 
4ER0 0 I F F L  E G U L F  HYTRUK I N L 0 4 D  MOTION SETA* SUMTAB* 
TRUCK* 
ADAHI*  AOAHS* BOTTOU* EXTRWL* HOTION* REBOUN* T I R E S *  
MOTION* 
MOTION* 
AERO 
TRUCK* 
AERO 
TRUCK* 
EXTRNL* 
BLOATA 
TRUCK 
ATMOS* 
PTMOS* 
ORAGL* 
AERO* 
TRUCK* 
T I R E S *  
U P X I *  
D I F F L *  
H A X I *  
GEon* 
M4T X I  N* 
ATMOS* 
ATMOS' 
TIRESi 
M 4 X I  
AERO* 
PRETRH* 

0 IFFL ENGULF HYTRUK INLOAO U O T I O N  S ETA SUHTA 8 

D I F F L  ENGULF HYrRUK I NLCAO MOTION S ETA SUHTAB 

T RUC K*  
ERO* O I F F L  ENG ULF INLOAO MOTION SETA* T I R E S *  

HYTRUK* 

D IFFL ENGULF HYTRUK I N L O A D  MOTION SETA SUMTAB 

MOTION* S U ~ ~ A R Y *  SUMTAE TRUCK 
n A X I C  P I T E S *  
MOTION* SUMARY* SUHTAB T RU CK 
M A X I *  P I T E R *  

MOTION SUMARY SUMTAB* TRUCK* 



400 
A 1  
A 2 
A 6 
0 
@AS€ 
BATA 
BAT AT 
BETA 

B E T A I J  
BLAST 

g 8 2  
- c  

CA 
CALG 

CC 
CE 
CG 
CGCALC 
CGMASS 

CGPOS 

CGS 
CHECK 
C I N T l  
C I P  
C I Q  
CK 

AERO* 
TRUCK* 
TRUCK* 
P I T E R *  
PETER' 
BLDATA 
LAMBDA* 
PRETRU* 
T I R E S C  
T I R E S *  
AERO* 
GEOM 
RFORZ E 
MOTION* 
AERO* 
TRUCK* 
BOTTOM*. 
MOTION* 
P I T E R r  
PXTER* 
I N T I *  
ATHOS* 
AERO* 
GEOM* 
SFORCE* 
SET A *  
T I R E S *  
AERO* 
GEOM* 
BLOATA 
MAX I 
BLDATA 
M A X I  
T I R E S *  
FSPRNG* 
I N T  l* 
M A X I  
M A X I  
BLDATA 
T I R E S *  

D I F F L  

SETA* 
SETA* 
A ERO 
n u L T *  

BASE 
GRAd* 
S FORC E 
TRIM* 
D I F F L *  

I NPSPR* 

L AMBOA+ 

BASE* 
nassn* 
S UMA RV* 

GGCALC* 

CGCALC* 
MOTION 
C GCAL C* 
MOTION 

6EOM* 
TRUCK* 
MOTION 
MOTION 
A ERO 
TRUCK 

ENGULF 

O I F F L  
S CLUE* 

BETA I J* 
nnssn 
S M A R V  
TRUCK* 
ENGULF* 

TRIM* 

P I T E R *  

BETA1 J* 
M4XI*  
SUMTAB* 

CEOM* 

E M R N L  
REBOUN 
EXTRNL 
REBOUN 

MCTION* 

SUMARY 
S W A R Y  
O I F F L *  

HYTRUK 

ENGULF 

B OTTOM 
nnx I 
sun1 AB 

HYTRUK* 

TRUCK* 

BOTTOM* 
n c r I o w  
TIRES*  

I hL OAO* 

FORCEI* 
RFORCE* 
FORCEI  
RFORCE 

PRETRN* 

SUMTAB* 
SUM TAB* 
ENGULF 

I NLGAO 

INLnAn 

EUL ER 
M 0 1  I 0  N 
T IRES*  

INLOAO* 

EUL ER* 
O R I t I  N* 
T R I  w 

LAM EDA* 

FSPRNG 
SFORCE* 
FSPRNG 
SFORCE 

T R I  W 

TRUCK' 
TRUCK+ 
I N L O A D  

MOTION 

!!!??I!?K 

E XT RNL* 
O R I G I N *  
T R I M *  

MOTION* 

E XTRNL4 
PRET RM* 
TRUCK* 

UOTION4 

GEOH* 
T I X E S  
t Eon*  
T I R E S  

T RUCK* 

I N T I X *  

SETA* 

FORCE I 
PRETRH 
TRUCK 

SETA* 
i 

FCRCEI*  
REBOUN* 

TRUCK* 

L l\MBOA 
T R I M  
L AMBOA* 
T R I M  

MCTION 

s u n r n B  

V n l l C u  
l RVUR 

F S P R N t  
REBOUN 

s u n r A B *  

FSPRNG* 
RFORCE* 

HASSM* 
T RUG K 
MASSM 
TRUCK 

SETA* 



CKK 
C N 
CON 
COS 
COS4 

COSPHI 
COSPSI  
COSTHE 
C O S I  
COS2 
COS3 
CP 

CP I 
CPQ 
GPQT 
C P Q T I  
CPQT2 

r CP S 
m C P S I C  

CPST 
C P S T l  
CPSTZ 
CPSO 
C R I T  

CRKU 
CT 
C I 
C 2  
D 
DAMPF 

OAflPV 

- SET4*  - GEOM* - RELAX* - AERO* - 4ER0* 
TRUCK - BETA1 J* - B E T A I J *  - B E T A I J *  - AERO* - AERO* - AEROC - B L O A f A  
TRUCK - AERO* - HYTRUK* - HYTRUK* 

- HYTRUK* - HYTRUK* - HYTRUK* - M A X I  - HYTRUK* - HYTRUK* - HYTRUK* - M A X I  - AEQO 
GEOU 
SFORCE - M A X I  - GEOu* - HYTRUK* - HYTQUK* - MAXI *  - BLDATA 
M A X I  - BLOATL 
M A X I  - BLDATA* 
MAXI *  

I N P ~ P R  

B E T A I J *  
0 IFFL 

EULER* 

EULER4 

A ERO* 

MOTION 

f l 0 T I O N  
BASE 
u 4SSU 
SUUARY* 
MOTION 
I NPSPR 

T I R E S *  
CGCALC 
U O T I O N  
CGCALC 
U O T I O N  
CGCALC* 
UOTION* 

LAMBDA 

ORAGL* 
E LGULF 

01 FFL 

S WARY 

S W A R I  
BETA I J  
U A X I  
SUUTAB 
SOUARY 
LAMBDA 

EXTRNL 
REBOUN 
EXTRNL 
R EBO UN 
E NTRNLF 
REBO UNF 

T I R E S *  

EULER* 
HYTRUK 

DRAGL* 

SUHTAB* 

SUMT AB* 
BCTTOU 
HOT I O N  
T I R E S  
SUMTAE* 
T I R E S *  

FORCE1 
RFO 4CE 
FORCE1 
RFORCE 
FCRCEI*  
RFORCE* 

T R I  t4 

SET A* 
INLOAO 

ENGULF 

TRUCK* 

T RUCK* 
EUL W 
O R I G I N  
T R I  F 
T RUCK 
T R I  t4 

FSPRNG* 
S FORC E 
FSPRN G* 
SFORCE 
FSPRNG* 
S FORCE* 

TRUCK 

T I R E S *  
MOTION 

I N L O A O  

E XTRNL 
PRET R e  
TRUCK* 

TRUCK 

GEOU* 
T I R E S  
GEOM* 
T I R E S  
GEon*  
T I R E S 4  

SETA* suur A B 

HCTION SE14*  

F C R C E I  FSP4NG 
REBOUN RFORCE 

L PHBDA UASSU 
T R I M  TRUCK 
L PHBDA HASSH 
T R I M  TRUCK 
LAUBDh* UASSU* 
TRIM' TRUCK * 



OCGO - 
DD - 
OOCODE - 
DOMIN - 
OD1 - 
00 2 - 
OEFLEC - 
OE L - 
DELN - 
DELTA - 
OELTAS - 

P 
0 

OELTAT - 
\O OELTO - 

OELTIM - 
DELTM - 
DELTNX - 
DELTN i  - 
DELTT - 
OELTX - 
DELTXI  - 
DELX - 
DET - 
OIF - 
D I F F L  - 
DIMENS - 

AERO 
tEOt4 
SFORCE 
AERO 
GEOt4 
SFORCE 
MAXI* 
BLDATA 
AERO 
GEO M 
SFORCE 
UAXI*  
UAXIC 
FSPRNG* 
TIRESC 
TIRES' 
AERO 
SUMTAB 
B4SE* 
EULER* 
TIRESC 
BLOATA 
L4flBDA 
T 4 I  M 
TIRES' 
TIRES 
TIRES' 
TIRES* 
BLOAT A 
M A X I  
BLDATA 
UAXI  
RELAXC 
RELBX* 
T IRESC 
4ER0' 
BLDAr A*  
TRUCK* 
BASE 

BASE BETA1 J 
n 4 s s n  n  XI* 
SUUARY . SUMTAB 
BASE B E T A I J  
ti ASSM MAXI* 
SUH4RY4 SUUT4B 
TIRES* 
A ERO OIFFL*  
BASE BETA1 J 
n PSSM ~ 4 x 1 ~  
SUMARY* SUMTA9 

ATHOS* D I F F L  
TRUCK* 
BOTTOM* FSPRNGC 
0 RIG I N *  

AOANI* AOAM5* 
ti ASSU M4X I* 
T RUCK 

T RUCK* 
TRUCK* 

CGCALC E XTR NL 
MOTIONL REBOUN 
CGCALC EXTRNL 
MOTION4 REBOUN 

SOLVE* 

BOTTOH* FSPRNG* 

BOTTOM* FSPRNG* 

BOTT on 
nor I ON* 
T IRES 
BOT Ton 
nor I ON 
T IRES 

ENGULF 
BOTTOM 
n c n o h :  
T IRES 

E hG ULF 

MAX I* 

CGCALC 
UOTION* 

FORCEI 
RFO RCE 
FORCEI 
RFDRCE 

GEOM* 

UAXI*  

EULER 
O R I t I  N 
T R I Y  
EUL ER 
O R I G I N  
T R I M  

I NLOAO 
EUL ER 
OR1 G I N  
T R I  k 

HYTRUK 

no1 ION* 

E XTRNL 
REBOUN 

FSPRNG 
SCORGE 
FSPRNG 
S FORCE 

I NP SPR* 

f l O T I 0 W  

EXTRNL 
PRETRM 
TRUCK 
EXTRNL 
PRETRU 
TRUCK 

t4OTION 
EXCRNL 
PRETRU 
TRUCK 

INLOAO 

T R I t l C  

FORCEI  
RFDRCE 

GEOW' 
T I R E S  
t Eon * 
T I R E S  

UASSH* 

TRIM 

F CRCE I 
REBOUN 

F CRCEI 
REBOUN 

SET A* 
F CRCE I 
REBOUN 

U CTION 

TRUCK* 

FSPRNG 
S FORCE 

L AMBDA 
TRIM 
L 4MB04 
TR IM 

MCTION* 

TRUCK 

FSPRNG 
RFORCE 

FSPRNG 
RFORCE 

TRUCK 
FSPRNG 
RFORCE 

SET4 

GEOn* 
TIRES* 

M ASSM 
TRUCK 
M4SSM 
TRUCK 

REBOUN' 



D I S P J  - 
O I S X  - 
D I S Y  - 
OMAX - 
OH1 N - 
OP - 
DPKT - 

ORAGL - 
0 s - 
OTTNX - 
D T T N i  - 
OY - 
OJEL - 

ENDTX - 
ENGULF - 
EPS - 
ER - 
EU - 
EUF - 
EULC - 
EULER - 
EXP - 
EXPAN - 
E X T D I U  - 

BASE' 
T I R E S *  
T I R E S *  
H A X I *  
ENGULF4 
O I F F L *  
BLOATA 
M A X I  
BLOATA 
M A X I  
AERO* 
ENGULF4 
T I R E S  
T I R E S C  
T I R E S *  
AERO 
GEOU 
SFORCE 
MAX I* 
MAXI*  
P I T E R *  
P I T E R *  
T I R E S *  
SET A*  
BLOATA 
T I R E S C  
BLOAT A 
MAXI  
BLD AT A 
MAXI  
AERO* 
TIRES'  
PRETRH' 
T I R E S *  
T I R E S *  
BOTTOM* 
MOTION* 
ATMOS' 
BOTTOM+ 
EXTRNL* 

PRETRH* 

MOTION* 
U A X I *  
U A X I *  
CGCALC 
NOTION* 
CGCALC 
UOTION+ 
SETAC 

T EUC K* 
TRUCK* 

BASE 
PJ ASSM 
SUHA RY* 
RELAX* 
T I R E S *  

n ERO 

CGCALC 
HOTIONC 
C GCALC 
MOTION* 

RELAX* 

EULER' 

O I F F L *  
I NPSPR* 

SUNARV* 
MCTION* 

EXTRNL 
REBOUN 
EXTRNL 
REBOUN 

BETA1 J 
PIAX I+ 
SUMTAB* 
T IRES*  

O I F F L +  

E XTRNL 
REBOUN 
E XTRNL 
REBOU N 

TRIM* 

)9CTIONC 

HYTRUK' 
T R I U  

SUUTAB 
SVMARY* 

FCRCEI  
RFORCE 
FORCEI  
RFORCE 

BOTTOM 
HCT 10h4 
T I R E S  

ENGULF 

FCRCEI  
RFORCE 
FORCEI  
RFO RCE 

REB OUN* 

TRUC K 

T RUCK 
SUMTAB 

FSPRNG 
S FORCE 
FSPRN G 
S FORCE 

EUL m 
OR1 G I  N 
T R I M  

INLOAD 

FSPRNG 
SFORCE 
FSPRNG 
SFORCE 

TRUCK 

6EOU 
T I R E S  
GEOU* 
T I R E S  

EXTRNL 
PRETRH 
TRUCK 

MOTION 

GEOM* 
T I P E  S 
G EOU + 

T I R E S  

L AMBDA 
T R I U  
L dHBD4 
T R I M  

FORCE I 
REBOUN 

SETA* 

L anma 
T R I M  
L P880A 
T R I M  

HASSM 
TRUCK 
tiassti 
TRUCK 

FSP2NG 
RFO3C E 

TRUCK 

nassn 
TRUCK 
nAssn 
TRUCK 



EXTRNL 
EX 1 
E X2 
F 
FAERO 

FOAMP 
FG RA J 
F I  
FIPHIJ * 

F I P S I  
F I T H E T  
F I X J  
F I Y J  
F I Z J  
FLAG 
FLOAT 

r FMAX 
I- FMXN r 

F N  
FNO. 
FOFX 

FORB 
FORC 
FORCE 

FORCEI  
FR 
FSPOIM 
FS PRN; 
F T  
FTO 
F T I R E S  
FTMPX 
FWIRE 
F l  

MOTION* 
P I T  ER* 
P I T E R *  
AERO* 

, AERO* 
GEO Ff 
SFORCE 
FSPRNG* 
EXTRNL* 
EXTRNL* 
RFORCE* 
FORCEI* 
RFORCE* 
RFORCE* 
FORCEI*  
!?FCRCE* 
GE 0 M* 
GEOMC 
P I T E R *  
P I T E P *  
T I R E S C  
T I R E S C  
BLOATA 
TRUCK 
T I R E S +  
FSPZNG* 
AERO ' 

GEOFf 
SFORCE 
EXTRNL* 
HYTRUK* 
FSPRNG* 
EKTRNL* 
T I R E S *  
T I R E S *  
EXTRNL* 
T I R E S C  
FSPRNG* 
AERO* 

FSPRNG* 
BASE 
n ASS n 
P 1 I Y l n "  
.,",8*,..1 

6 RP I* 
F ORCEI* 
S FORCEr 
R FORC E* 

RFORCE* 
S FCRC E* 

TRUCK* 

BASE* 

BASE 
HASSM 
SUUARY 

I N T l  X* 

P I T E R *  
B E T A I  J 
M A X I  
"*...T..-. 
Junl M D  

RFORCE* 

SFORCE* 

S FORCE* 

B E T A I  J 
Hc tX I  
SUMTAB 

BCT TOM QULER EXTRNL* F C R C E I  FSPRNG 
MCTION ----- O R I G I N  --- .. PRET RU REBOUN RFOSCE 
I LKCD I K l n  I KUI; tc 

S FORCE* 

FSPRNG* INPSPR*  PRET RE* T IRES*  T R I M *  

BCT ron EULER E XTRNL* F CRCEI FSPRNG 
MOTICh*  O R I G I N  PRETRH REBOUN* RFORCE 
T I R E S  T R I  W TRUCK 



COPHI  - 
GOPSI  - 
GOTHET - 
GENACC - 
GENOIS - 

P 
F 
N 

GENOIX - 
GENSH - 
GENVEL - 
GEOH - 
GF - 
GFCH - 
G F C H l  - 
GFCH2 - 
GFGCH - 
GFGCH1 - 
GFGCH2 - 
GFGH - 
GFGHl  - 
GF SH - 
G F S H l  - 
GFSHZ - 
GHAT - 

AEROC 
AERO* 
AEROC 
AERO' 
AERO' 
AERO* 
AERO* 
AEROC 
AERO' 
BLOATA 
M A X I  
FORCE I* 
RFORCE* 
FORCEI* 
ADAMS* 
FSPRNG 
RFORCE 
AOAH5* 
FSPRNG* 
RFORCE 
TRUCK* 
PRETRH* 
AOAM5* 
FSPRNS* 
RFORCE* 
TRUCK* 
T I R E S *  
PRETRH* 
PRETRU* 
PRETRH* 
PRETPH* 
PRETRM* 
PRETRH* 
PRETPU* 
PRETRn* 
PRE TRH* 
PRETRH* 
PitETRNC 
T I R E S *  

T R I H *  

CGCALC 
U O T I O N  
R FORC E* 
SFORCE* 
RFORGE* 
1 ERO 
GEOH 
S FORC E 
AERO 
G EOH 
S FORCE 

A ER0 
6 EOH 
SFORCE* 

EXTRNL 
REBOUN 
S FORCE* 

SFORCE* 
BASE 
UASSH 
SWARY 
BASE* 
MASSU 
SUMARY 

BASE 
HASSH 
SUMARY 

F O R C E I  
RFORCE 

B E T A I J  
UAX I* 
SUUTAB 
BETA1 J 
H A X I *  
SCMTAe 

B E T A I J  
WAX I+ 
SUHTAB 

FSPRNG GEOU* 
S FORC E T I P E S  

BOTTOM EULER 

MOTION+ O R I G I N  
T I R E S  T R I M  
BOTTOH* EULER 
MOTION* O R I G I N  
T I R E S *  TRIM' 

BOTTOM* E ULER+ 
PIOTION* O R I G I N '  
T I R E S *  T R I Y *  

L PHBOA 
T R I n  

E XTRNL 

PRETRH 
TRUCK 
E XTRNL 
PRETRM+ 
TRUCK* 

E XTRNL 
PRETRM 
TRUCK 

MASSH 
TRUCK 

FORCE I 

IPEBOUN* 

FORCE I 
REBOUN 

F O R 3 E I *  
REBOUN* 



GSL 
GVN 
G i N T  
GVT 
GVTO 
GVTT 
GXOOTJ 
GY DOT J 
GZOOTJ 
HPRIM 
HPRIMB 
H Id 
H HK 
HY TRUU 
I 

IOOF 
IOOFS 
rou t4  
IDUMI 
I E  
IENO 
I F I R S T  
I F L  
I H  
I H  I T  

- T I R E S *  - EXTRNL* - BLOATA 
M A X I  - AERO* - T I R E S *  --- - ILRtSC - T I R E S *  - T I R E S *  - T I R E S *  - FORCEI*  - RFOZCE* - RFORCE* - ATMOS* - PTMOS* 

- T I R E S *  - T I R E S C  - AERO* - A04M5* 
I N T I *  
REBOUN* - T I R E S *  - n u L T *  - UATXIN*  - T I R E S *  - ADAUI  
FSPRNG 
PRETRfl 
TRUCK* - LAMBDA* - LAf lBDA* - INPSPR* - LAMBDA* - TIRES'  - INPSPR* - BOTTOU* - M A X I  - BASE* - BOTTOM* 

CGCALC 
MOTION 
E  XTRNL* 

R  FORC E* 
S FORC E+ 
S  FORCE* 

AERO* 
I N T I X *  
RELAX* 
T  RUG K* 

TRUCK* 
ADAM5 
GEOM 
REBOUN 

TRUCK* 
E  XTRNL* 
H O T I O N  
P  RET RH+ 

EXTRNL* FORCEI  
REBOUN RFORCE 

SFORCE* 

BASE* BOTTOM* 
MASSM* HATXIN*  
SETA* SOL YE* 

A ERO BASE 
GRAV I NP SPR 
RFORCE SFORCE 

MOTION* REBOUN 
SUMARY SUMTAe* 

FSPRNG 6EOf l *  L AHBOA  MASS^^ 
SFORCE T  I S E S *  TRIM* TRUCK 

O I F F L *  ENZULF*  HYTRUK* INLOAO* 
M A X  I* n u ~ r *  P ITER* PRETRW 
TRUCK* - 

BOTTOM CGCALC E XTRNL FORCE I 
LAMBDA UASSM ti 4x1 HOT10 K 
SUHARY SUMTAB T  IRES T R I M  

T I R E S  TRUCK 
TRUCK* 



I H M 4  
I H  M5 
I H U 6  
I H P i  
I H P 2  
I1 
I I M A X  
I I N T  
11s 
I I S 3  
I J  
I K  
I L  
I M  
INOEX 

INDEXS 
INOEXY 
I N O E X l  

P' INOEXZ 
INLOAD 
INPSPR 
I N T F L G  
I N T I  
I N T l X  
10 
I O P T  

101 
I P  
I P O I N T  
IQRA 
IQYA 
I Q 
I R L  
I 4 0  

BASE* 
BASE* 
BASE* 
BASE* 
BASEC 
AEROC 
I N T  I* 
I N T I C  
BLOATA 
AESOC 
T I R E S *  
GEOH' 
BASE* 
PRETSM* 
AOAMI* 
GEOMC 
PRETRH* 
LAMBDL* 
EXTRNL* 
AOAUIC 
FSPRNG* 
4EROp 
GEOM* 
BOTTOH* 
BASE* 
H I  T RV K* 
CGC ALC* 
AOAf l I  
FSPRNG 
MOT I O N  
T R I M  
CGCALC* 
RELAX* 
INPSPR* 
T I R E S *  
T I R E S *  
MUL T* 
PRETPfl* 
MUL T' 

P RET-RM* 
PRETRN* 
PRETRM* 
P RETRfl* 
PRETRM* 
T I R E S +  
TRUCK* 
T RUCK* 
A ERO* 

E XTRNL* 
FSPRNG* 

FSPRNGC 
ADAf l5 
GEOM* 
PRET RW 
TRUCK 
I N P S P R *  
SOLVE* 

O I F F L  

BASE* 
INPSPR* 
SUUARY* 

RFORCE* 
FSPRNG* 
LAMBDA* 

UCTION* 
PRETRM* 

G €OH* 
A € 4 0  
G RAV 
REBOUN 

T I R  ES* 

BCTTOM* CGCALC* 
L AU ED A* H ASSH* 
T A I  M+ 

SF0 RCE* 
GEOM* GRA V 

REBOUN* T IRESC 
T I R E S *  TRIM*  

IKPSPR* LAMBDA* 
BASE BOTTOM 
HVTRUK* INPCPR 
RFORCE S FORC E 

NOT I ON 

EXTRNLC 
f l A T X I N *  

I NPSPR* 

T RUC K *  

UOTION* 
CGCALC 
LAMBDA 
SUUARY 

S ETA 

FORCE I* 
n AXI* 

L RHBO A* 

T R I U *  
E XTRNL 
n PSSU 
SUMTAB 

- -~ 

TRUZK 

FSPRNG* 
MOTIOF;+ 

HASSM* 

TRUCK' 
FORCE I 
U A K I  
T I R E S *  



I R  OL - 
I R U  - 
I S  - 

T I R E S *  
PRETRM* 
BLOAT4 
SET A 
FSPRNt*  
RLndrn 
M A X I  
PRETRM* 
PRETRH* 
BASE* 
MAT X I  W 
TRUCK* 
BASEC 
AOAM5C 
LANBDA* 
SUMThB* 
BLOAT4 
TRUCK 
FSPRNGC 
AERO* 
BLOATA 
T I R E S C  
ADA M I  
FSPRNG 
PRETRM 
TRUCK 
n u L T *  
SUMTAB* 
M A X I  
T I  RESC 
BASE* 
T IRES '  
T I R E S *  
nassn* 
AOAM5' 
AOAM5+ 
AERO* 
LAHBDAC 
AEROC 

TRUCK* 

A ERO' 
TRUCK 

D I F F L  ENGULF M A T X I N *  MCTION PRETRM* 

!?r,cp.cc 
MOTION 

EYTRUL 
REBOUN 

FCRCEI 
RFO RCE 

rranracr 
d. ..#." 

S FORCE 

r=nu1 .urn-. u.-.-u 
V L Y ~ V  L C~DUII n l l a J m  
T I R E S  T R I M  TRUCK 

I S K  - 
I S K K  - 
ISTART - 
I T  - 
I T E R  - 
I U  - 
J - 

FSPRNG* 
T I R E S *  

PRETRM* 
TRUCK* 

BPSE* 
nnssn* 
T RUCKL 
BASEC 

FORCE I* 
MUL T* 

FSPRNG* 
PRETRM* 

INPSPR*  

T R I P  

GEON* 
RFORCE* 

HVTRUK* I N T l X *  
SFORCE* SOLVE* 

T IRES* T R I M C  JCURVE - BOTTOM FSPRNC* PRET RM* 

JDEBUG - 
t: JF - 

J F I R  - 
J F T R I M  - 
JGRAPH - 

MOTION* PRETRW* TRUCK 

A ERO* 
T R I U *  
A DAM5 
G EON* 
REBOUN 

O I F F L *  
T liUC K' 
A ERO 
GRAY 
RFORCE 

ENGULF MOTION SETA* TRUCK 

BASE 
I N P S P R  
SFORCE 

BOTTON. 
LAMBDA 
SUM ARY 

CGCALC 
M ASS ti 
SUMTAB 

E XTRNL FORCE I 
n A x I  no11 ON+ 
T I R E S  T R I M  

J I - 
JJ - 
JM AX - 
J P  - 
J P R E L  - 
J P  1 - 
J T R I M  - 
J l  - 
J6 - 
J7 - 
K - 

MOTION SUM TAB* S W A R Y  TRUCK* 

T RIM* TRUCK 

O I F F L *  
MULT* 

ENGULF* 
SET 4* 

FSPRNG* 
SOLVE* 

I NLOA C* I NPSPR* I N 1  l X *  
S u n T A B *  TRUCK* 



KAXLB - 

KAXLES - 

KB - 
KBL - 
KBLAST - 
KBOG - 

KOEBUG - 
KOOF - 
KDUM - 
KE RR - 

KFLAG - 
KG - 
K G U I R l  - 

ADAM1 
FSPRNG 
PRET?H 
TRUCK 
ADAHI  
FSPRNG* 
PRETRM* 
T%UCK* 
SOLVE* 
H I T  RU K* 
AERO 
TRUCKB 
ADA H I  
FSPRNG* 
PRETRH* 
TRUCK 
PRETRM* 
PQETRM* 
AOAHI 
FSPRNG 
PRETRM 
TRUCK* 
BLDATA 
EXTRNL* 
HOTION* 
ADAMI 
FSPRNG 
PRETRH* 
TRUCK* 
SUMTLIB* 
GEOM' 
ADAMI 
F S P R N t  
PRETRU* 
TRUCK 
AOAHI 
FSPRN; 
PRETRM* 
TRUCK 

AOAM5 
G EON 
REBOUN 

ADAM5 
G EOM* 
REBOUN* 

D I F F L  

A DAM5 
6 EON* 
REBOUN* 

AOAn5 
G EOM 
REBOUN 

A ERO* 
FORCEI*  

ADAM5 
G E o n *  
REBOUN 

ADAM5 
GEOM* 
REBOUN 

AOPM5 
GEOM* 
REBOUN 

A €Ro 
GRAY 
R FORCE 

AERO* 
GRAV* 
RFORCE 

ENGULF 

A ERO 
GRAV 
RFORCE 

AERO 
GRAY 
RFORCE 

O I F F L  
n assn* 

AERO 
GEAV 
R FORCE 

A ERO 
t CAV 
R FORCE 

AERO 
GRAV 
RFORCE 

BASE 
INPSPR 
SFORCE 

BASE* 
IHPSPR* 
SFORCE* 

HYTRUK* 

BASE 
INPSPR*  
SFORCE 

BPSE 
I NP SPR 
SFORCE 

ENG UL F* 
RFORCE* 

BASE 
INPSPRC 
SFORCE 

BASE* 
I NP SPR 
SFORCE 

BASE* 
INPSPR 
SFORCE 

BOTTOM 
LAHBD A* 
sun PRY 

BOTTOM* 
LAMBDA* 
sun ~ Q Y  

I N L O A D  

BOT TOM* 
LAMBDA* 
S UM ARY 

BOTTOM 
L AM BD 4 
SUMARV 

I NL OAO* 
SFORCE* 

BOTTOM 
LAMBDA* 
SUM 4RY 

BOTTOM 
LAMBDA4 
SUHARY 

BOTTOM 
L AH BO A* 
S UH ARY 

CGCALC 
MASSM 
SUMT4B 

CGCALC* 
M ASS M*  
SUYTAB 

MOTION 

CGCALC 
MASSN 
SUYTAB 

CGCALC 
MAssM 
SUYTAB+ 

MOT I ON 
T R I M *  

CGCALC 
nnssn 
SUMT AB* 

CGCALC 
unssn 
SUMTAB 

CGCALC 
UASSM 
SUNTl\B 

E XTRNL 
eAx1 
T I R E S  

E XTRNL 
M A X I  
T IRES* 

S ETA 

E XTRNL 
M a x 1  
T IRES 

E XTRNL 
M 4 X I  
T I R E S  

SETA* 

E XTRNL* 
M A X I  
T IRESB 

E XTRNL 
M A X I  
T I R E S  

E XTRNL 
nnxI  
T I R E S  

F O R C E I  
MOTION 
T R I N  

FORCEI*  
MOTIO h 
T R I M C  

SUMTAB 

FORCE I 
M O T I O h  
T R I U  

FORCEI  
MOTION* 
T R I M  

T RUC K 

FORCE I 
MOTIO L* 
TRIM* 

FORCE I 
MOTIOF; 
T R I M  

F O R C E I  
MOT1 OF; 
r R I U  



KK - 
I 

KM AX - 
KM I - 
KOFK - 
UOK - 
KOL - 
UP 1 - 
KRACKS - 

K R I G I D  - 

US * 

KSHELT - 
P 
P 
V 

KSTART - 
US 1 - 
US 2 - 
US3 - 
US4 - 
KT - 
K T I R E  - 
KTS - 
KWIRES - 

K X - 
L - 
LAneoA - 
L L  - 
LOAD - 

AERO* 
I 

SOLVE* 
T I R E S C  
P I T E R *  
MAT X I  N* 
SOL YE* 
ADAMI 
FSPRNG* 
PRE TR fl* 
TRUCK 
ADA M I  
FSPRNG 
PRETPM 
TRUCK 
LAMBDAC 
AOAHI 
FSPRNG* 
PRETRH* 
TRUCK 
ADA H I  
LAMBDA* 
LAMBDA* 
LAMBDA* 
LAMBDA* 
AERO* 
AERO 
tEOM 
SFORCE 
BLD ATA 
A0 A M I  
FSPRN t* 
PRETRM 
TRUCK 
UASSM* 
H4T X I  N* 
GEOM* 
MULT* 
BLDATA* 

s unT  AB* 
MOTION 

SUUTAB* 

A o a n 5  
GEOMr 
REBOUN 

ADAM5 
GEOM* 
REBOUN 

ADAUS 
GEOM* 
REBOUN 

AOAM5* 

INLOAO* 
BASE 
MASSU 
S UHA RV 
A ERO* 
ADAM5 
t EOM* 
REBOUN 

R FORCE* 

AERO* 

SU?iARY 

TRUC K* 

AERO 
G RAV + 

R FORCE* 

A ER0 
G RAV 
R FORCE 

AERO 
GRAV* 
RF ORCE 

BOTTOU* 

BETA1 J 
MAXI  
SunTAB 
O I F F L  
AERO 
tRAV 
RFORCE 

O I F F L *  

SUMT AB* 

BASE 
I K P S P R  
SFORCE 

EASE 
INPSPR 
S FO RCE 

BPSE 
INPSPR*  
SFORCE 

EXTRNL* 

BCT TOM 
UOTIOk*  
T I R E S *  
ENGULF 
BASE 
I NP SPR* 
SFORCE 

ENG ULF* 

TRUCKL 

BOT rou 
LAMBDA* 
SUM ARY 

BOT TOM 
L A H  BD A 
sun PRY 

8 0 T T o n  
LAMBDA* 
SUMARY 

nor ION* 

EUL ER 
O R I G I N  
T R I  h* 
INLOAD*  
BOTTOM 
LAMBDA* 
SUMARY 

I NL OA D* 

C G C A L C *  
n  ASS^ 
SUMT4B 

CGCRLC 
n A S S M  
S U n T 4 6  

CGCALC* 
t i  BSSM+ 
SUMTA 8 

SEBOUN 

EXTRNL 
PRETRH 
TRUCK 
MOTION 
CGCALC 
NASSM 
SUMTAB 

MOTION* 

E XTRNL4 FORGE I 
H l X I  M o T I O  h 
T IRES T R I M  

E XTRNL FORCE1 
f l e x 1  MOTION 
T IRES TRIM 

E WTRNL FORCE I 
U A X 1  MOTION 
T I R E S  T R I M  

T I R E S  

F CRCE I FSPRN; 
REeOUN RFO3CE 

S ETA TRUCK 
E XTRNL FORCE I 
M A X I  MOTION 
T I R E S  TRIM* 

S ETA* T R U i K *  



INPSPR' MASSM' U b T X I N *  UULT' ATUOS' 
REBOUN* 
MASS#' 
AOAHI  
FSP RN G 
PRE T l  n 
TRUCK 
UOTION* 
MAT X I  N* 
MOTION* 
M4T X I  N* 
BLOAT 1' 
TRUCK 
MOTION* 
BLOAT a+ 
TRUCK 
MAXI' 
BLDATA* 
TRUCK 
BLOPTA* 
TRUCK 
MATXIN*  
BLOATA* 
M A X I  
AOAAI *  
FSPRNG' 
PRET? M' 
TRUCK* 
INPSPR' 
TRUCK' 
EXTRNL' 
BLOATA* 
TRUCC 
ADA M I  
FSPRNG* 
PRETi tU 
TRUCK 
BOTTOU* 
AERO* 
M4TXIN'  

EXTRNL' 
R FORCE' 
HOTION' 
A DAM5 
GEOM* 
R EBOUN 

FORCE I' 
SFORCE' 
REBOUN* 
A ERO 
GRAW* 
R FORCE 

GRAY* 
SCL VE+ 
TRUCK* 
BASE 
I N P  SPR 
SFORCE 

MASS 
HASSES BOT TOU 

LAMBDA 
SUM PRY' 

CGCALCa E XTRNL FORCEI '  
HASSU* MAXI' MOTION 
SUMT A8 T IRES* T R I M  

MASSfl 
UATOIM 
MATXIN 
MA X 
HAXDOF I N P S P R  H ASSM HCT I O N *  REBOUN' B OTT ON* GEOH* 

BOTTOU FSPRNG I N P S P R  HCTION REBOUN 

MAXMIN 
MA XSP 

SUHA RY* 
FSPRNG* 

SUMTAB* 
GEOH* 

TRUCK' 
INPSPR MASSM 

PRETRM 

U CTION 

T I R E S  

REBOUN 

T R I M  r MA XSPR r 
m 

MA X Z  
no IMOP 

BASE BOTT OM I N P  SPR* 

CGCALC 
MOTION 
ADAMI' 
G EOM* 
REBOUN* 

E XTRNL 
REBOUN 
AERO' 
GRAJ 
RFORCE 

F O R C E I  
RFORCE 
BASE 
I HPSPR 
SFORCE 

FSPRNG 
S FORCE 
BOTTOM' 
LAHBDA* 
SUUARY* 

GEon*  
T I R E S  
CGCPLC 
HASSU* 
SUHTAB 

L PnBOA 
T R I M  
EXTRNL* 
U AXI' 
TIRES'  

nAssn 
TRUCK 
F O R C E I  
MOTIONC 
T R I M *  

MDOF 

WH 
no1 ION 
MOVING 
URO I H  

RELAX* 

UOTION* 
FSPRNG 

T I R E S 9  T R I M *  TRUCK* 
I N P S P R  MASSM HGTION REBOUN 

N r i X I *  
BOTTOW 

O R I G I N *  
GEOM* 

US PRNG A DAM5 
t €OM* 
REBOUN 

AERO 
GRAd 
RFORCE 

BASE 
I K P S P R  
SFOQCE 

BOTTOU' GGG ALC E XT RNL FORCE I 
LAUBOA* MASSU M A X I *  MOT10 h* 
SUMARY' S U t I l A 8  T I R E S  T R I 9  

MULT 
N 

MOTION* 
O I F F L *  
RELA X I  

FSPRNG' 
BOTTOt!' 
MULT* 

REBOUN' 
ENGULF* 
SETA' 

T IRES'  
FSPRNG* I N L O A O *  INPSPR*  LAH80Ar  
SOLVE* S U ~ T P , B +  TRIM+ 



N A 
NASPR 

NCASE 

NCOUNT. 
NOET 
NDIM 
NOOF 

v 
NOOFA 

v 
w 

NE Q 
NFLAG 
N I T  
NJOB 

NU 
NU 1 
NN 
NNQ 
NOK 
NOR 
NORUAX 
NOUT 

NP 
NPOAMP 

BOTTOM* 
AOAMI 
FSPRNS* 
PRETRU* 
TRUCK 
BOTT OH+ 
BLOATA 
i D i i i I  
FSPRNG 
PRETRU 
TRUCK* 
ADA M I  
FSPRNG 
PRETRM 
TRUCK* 
PRETRM* 
SOL YE* 
RELAX' 
LAMBDA* 
T I R E S *  
AOAMI* 
TRUCK* 
AOAMI* 
AOAMI 
FSPRNG 
PRETRM 
TRUCK* 
T I R E S *  
SOLVE* 
UULT* 
RELAX* 
PRETRH* 
TRUCK* 
TRUCK* 
ADAMI 
FSPRNL* 
PRETRM 
TRUCK 
BASE' 
BLOATA 
U A X I  

I NPSPR* 
ADAM5 
6 €OH+ 
REBOUN* 

I NPSPR 
A FRO* 
A u ~ n 5  
G EOU 
REBOUN 

ADAM5 
6 EOM 
REBOUN 

RELAX* 

SOLVE* 

ADAM5* 

A DAM5+ 
ADAM5 
G EOH 
REBOUN 

RELAX* 

A DAM5 
6 EOH 
REBOUN 

F SPRNGw 
CGCALC 
MOTION 

REBOUN* 
A ERO 
GRAV 
RFORCE 

T R I M  
O I F F L  
A ERO 
GRPV 
R FORC E 

A ERO 
GRAV 
RFORCE 

TRIU*  

B o T T o n  

BOTTOM' 
A ERO 
G RAV 
RFORCE 

T R I U *  

AERO* 
GRA J 
RFORGE 

INPSPR* 
EXTRNL 
REBOUN 

BASE 
I NP SPR* 
SFORCE 

TRUCK 
ENGULF* 
BASE 
INPSPR 
SF0 RCE 

BBSE 
I NP SPR 
SFORCE 

EXTRNL 

E X 1  R&LC 
BASE 
I NP SPR 
SFORCE 

BASE 
I N P  SPR 
SFORCE 

PRE TRW* 
F C R C E I  
RFORCE 

BOT Ton* 
LAMBDA* 
SUN ARY 

I NL OA O* 
BOTTOM 
LPMBDP 
SUMARY 

8 0 T 7 0 M  
LAMBDA 
suunw 

UOTION 

U O T I O W  
BOTTOU 
LAMBDA 
SUM ARY 

BOTTOU 
LAUBDA 
SUM ARY 

T R I W  
FSPRNS* 
SFORCE 

CGCALC 
nnssn 
SUMTAB 

UOTIc?U 
CGCALC 
MASSU 
SUUTAB 

CGCALC 
n b s s n  
SUHTAB 

E XTRNL 
M A X I  
T IRES 

SET!* 
f XTRNL* 
M AXI 
T I R E S  

E XTRNL 
n 4x1 
T I R E S  

REBOUN RELAX* 

REBOUN T I R E S  
CGCALC E XTRNL 
MASSM M AX1 
SUMTAB T I R E S  

CGCALC E XTRNL 
HASSH M A X I  
SUN1 AB T I R E S  

GEOH L fit400 A 
T I R E S  T R I M  

FORCE I 
UOTION 
T R I U  

TRUCK 
F O R C E I  
MOTION 
T R I M  

F O R C E I  
UOTION 
T R I M  

T I R E S  

FORCE I 
n o r 1 0  h 
T R I n  

FORCE I 
UOTION* 
T R I H  

nassn 
TRUC K 



NPPC - 
NPR - 
NPRINT - 

NPS - 
NPSS - 
NPV - 
NQ - 
NRSPR - 

NS - 
NS P - 
NSPRNG - 

r 
N 
o NSTOP - 

NT .. 
NTIRES - 
NTMAX - 
N T R I A L  - 

NTRY - 
NTSPRN - 
NTT - 
NT I - 
NT 2 - 
NX - 
N X I  - 
N Z - 
OPTION - 

E L 0  AT A 
TRUCK 
PRETQM* 
AOANI 
FSPRNG 
PRETRW 
TRIM 
BLOATA 
AERO* 
FSPRNG* 
REL4XL 
AOAHI 
FSPRNG 
PRETQU 
TRUCK 
BOTTOH* 
REBOUN* 
AOAMI 
FSPRNS* 
PRETRR 
TRUCK 
PRETRN+ 
HYTilUK* 
GEOH* 
TRUCK* 
ADAM1 
FSPRNG 
P I T E R *  
T R I M  
PRETTn* 
GEOH* 
LAMBDiI* 
HYTRUK4 
HYTRUK* 
I N T l *  
TIRES. 
MAT X I  N* 
AOAMI 
FSPRNG* 
PRETRM* 
TRUCK4 

BASE* 
- 

T R I U +  
ADAH5 
6 EON* 
RFBOUN 
TRUCK* 
A ERO* 
ENGULF* 

A DAM5 
G EOM * 
REBOUN 

REBOUN* 

A OAU5 
;Eon* 
REBOUN 

L AMBOA* 
I NPSPR 

A GAH5 
G EOU 
PRETRM 
T PUCK4 
T R I M *  
I NPSPR4 
T IRES*  

I N T I X *  

ZL DAMS* 
GEOM* 
R EBO UN* 

BOTTOH 

A ERO 
GRAY 
RELAX* 

O l F F L  
INLOAOC 

AERO 
GRAY 
R FORCE 

AERO 
GRAY 
RFORC E 

T I R E S *  
LAMBDA* 

AERO 
GRAY 
REBOUN 

L M B O A  
TRUCK* 

T IRES*  

AERO* 
GRAV4 
RFO RC E * 

FSPRNG' 

BASE 
I NPSPR 
RFO FCE 

ENGULF* 
SET A+ 

BPS€ 
INPSPR 
SF0 RCE 

BASE 
INPSPR* 
SFORCE 

TRUCK* 
T IR ES* 

BASE 
I L P S P R  
RFORCE 

T I R E S +  

BPS E* 
I hPSPR* 
SFORCE* 

I NP SPR* 

BOTTOM* 
LAUBDA 
SFORCE 

INLCAO* 

BOT TOH 
LAHBOA* 
SUM PRY 

BOTTOM 
LAMBOA 
SUMARY 

T R I  nr 

BOTTOM 
LAHeOA 
SFORCE 

TRIW+ 

BOTTOn* 
LAHBDA* 
SUnARY* 

PRETRW* 

CGCALC 
HASSM 
SUMARY 

H O T I O N  

CGCALC 
MASSt4 
SUnTAB 

CGCALC 
nAssn 
SUNT AB 

TRUCK4 

CGCALC 
MASSM 
SUNARY 

T RUCK 

CGCALC* 
nAssn* 
SUf lTAB* 

T IRES * 

E XTRNL 
n P X I  
SUMTAB 

SET A* 

E XTRNL 
H P X I  
T IRES 

E XTRNL 
H P X I  
T I R E S  

EXTRNL 
H A X I  
SUYTA B 

E XTRNL* 
M d X I *  
T IRES* 

TRIM* 

FORCE I 
HOTIO h* 
T I R E S  

TRUCK 

FORCE I 
R O T I O h  
T R I M  

FORCE I 
MOTIOh 
T R I M  

FORCE I 
HOTIO h 
i I R E S  

F ORC E I* 
nor I o h* 
TRIM* 



O R I G I N  
P 
PDSAV 
P I  
P IMP 

MOTION* 
AERO* 
BOTTON 
BLOATA* 
AERO 
TRUCK* 
i E R O  
GEOU 
SFORCE 
EULER* 
TRUCK* 
ORAGL* 
HY T RUKZ 
T I R E S *  
HYTRUK* 
HYTRUK* 
HYTRUK* 
AERO* 
TRUCK 
SETP' 
BASE* 
RELAX* 
TRIM* 
RELAX* 
AERO* 
TRUCK 
BOTTOM 
BLOATA 
AERO 
TRUCKC 
HY T RUK* 
HYTRUK* 
HVTRUK* 
AERO* 
TRUCK* 
ELOATA 
HYTRUK* 
AERO 
GEO U 
SFORCE 

D I F F L *  
EULERL 
A ERO* 
O I F F L  

HYTRUK* 
HOTIONS REBOUN 
D I F F L  ENGULF* INLOAO M O T I O N  
ENGULF HYTRUK* - INLOAO MOTI ON 

SETA* TRUCK* 
SETA SUMTAB* 

P I T C H  B I\SE 
u &SSM 
SUUARY 

B E T A I J L  BCTTOM E UL ER' E XTRNL 
 XI MOTIGh* O R I G I N  PRET RM 
SUUTAB T I R E S  T R I P  TRUCK* 

FORCE I FSP2NG 
GEBOUN RFORCE 

P I T C H 0  
P I T E R  
P I 1  
P L  
PO SO 
PP 
PQ 
P Q l  
PR O IFFL ENGULF HYTRUK I NLOAO MOTION SETA' SUUTAB 

PRB 
PRELOO 
PRES 
PRETRU 
PROP 
PS O I F F L *  ENGULF HYTRUK I NL CA 0 H O T I O N  SETA SUt!TAB 

PS AV 
P S I N F  
PSOEST 

EULER* 
A ERO 
0 I F F L  

n o T I o N r  REBOUN 
O I F F L *  ENGULF I NL 0 4 0  MOTION 
E G U L F  HITRUK INLOAO M OT I ON 

S ET A *  TRUCK 
S ETA SUMTAB 

PST 
P S T l  
PST 2 
PS 0 D IFFL* ENGULF HYTRUK INLOAO MOTION SETA* SUUTAB* 

PSOO 
P S I  
PT R I A  L 

A ERO O I F F L *  ERGULF INLOAO MOTION SET A* TRUCK 

BETA I J BOT T o n  E UL ER EXTRNL 
MAXI  HCTICK O R I G I N  PRETRH 
S W T A B  T I R E S  T R I M  TRUCK* 

BASE 
nnssn 
SUHARY 

F CRCEI FSPRNG 
R EBOUN RFORCE 



QR 
OR0 
QRP 
Q 0 

R 
RANGE 

ROSAV 
RE 
RE BOUN 

I.- RELAX 
N 
N 

RE S 
RETURN 

RFORCE 
RH 0 
RHOZ 
RHO0 
R I R  
SL 
RL P 
RL X 
RL 7 
RL Z 
EN K 
ROLL 

RELAX' 
AERO' 
TRUCK' 
AERO* 
AERO 
TRUCK* 
ADAHI  
AOAHIZ 
AD4r4I* 
AERO' 
TRUCK* 
HYTRUK* 
AERO* 
TRUCK 
AEROC 
TRUCK* 
BOTTOU 
ATMOS' 
BOTTOM' 
PRETRU* 
PRETRM* 
AOAHI*  
O I F F L C  
GRAVD 
H A T X I N *  
RELAXZ 
T R I M *  
EXTRNL* 
ATMOS* 
ATHOS* 
AEROC 
MUL T * 
HYTRUK* 
RELAXe 
LAM 3D A' 
LAMSDA* 
LPMBDP* 
T I R E S *  
AERO 
GEOM 
SFORCE 

D I F F L  

ATMOS* 
0 IFFL 

ADAM5* 
A DAM5' 
A 04M5* 
0 I F F L  

I N T I *  
D I F F L  

D i F F L  

EULER* 

T R I M *  
RELAX' 
ADAU5+ 
D RAGL+ 
HYTRUK* 
H A X I *  
RFORCE* 

BASE 
nassn 
SUMARY 

ENGULF 

HYTRUK" 
ENGULF 

BOTTOM 
BOTTOM 
B mron 
ENGULF 

tl ULT* 
ENGULF 

ENGUL F 

UOTION* 

AERO' 
ENGULF* 
I N 0 4 D q  
UOTION' 
SETA* 

BETA1 J* 
H A X I  
SUUT4B 

HYTRUK 

HYTRUIP  

EXTRNL 
EXTRNL 
E XT RNL 
HYTRUK 

P I T E R *  
HYTRUK 

H I T  RU k 

REBOUN 

ATMOS* 
EULER+ 
I N P  SPR* 
ML'L T+ 
SFORCE' 

BCTTOM 
ncr rot++ 
T I R E S  

, 

INLCAO 

INLOAO 

U O T I O N  
M 0 1  I O N  
MOT I O N  

I NL 041) 

I K L O A D  

INLOAO 

BASE* 
EXTRNL* 
I NT I* 
OR1 G I  W 
SOLVE" 

EULER* 
O R I G I N  
T R I P  

H O T I O N  

U O T I O N  

REBOUN 
REBOUN 
REBOUN 

MOTION 

n o r r o N  

n o 7 1  ON 

B E t A I J '  
F O R C E I *  
I N T i X C  
P I T E R *  
SUSARY* 

EXTRNL 
PRET RU 
TRUCK+ 

SETA SUUTAB 

SETA SUMT A B* 

T I R E S  
T I R E S  
T I R E S  

SET4* SUMT A B  

S ETA SUMTA B 

S €14  SUMTAB* 

BCTTOM* CGCALCC 
FSPRNG* GEOU* 
L BHPOP* n P s s n +  
PRETRH* REBOUN* 
SUUTAB* T I R E S *  

F C R C E I  FSPRNG 
REBOUN RFORC E 



ROLLD 
RO I( 
RR 
RRES 
RSAV 
9T 
RT 1 
RT 2 
RW 
R 1 
R3 
S 

- EULER* - M4TXIN* - HYTRUK* - REL4X* - SOTTOM - U?.TP,"* - HYTRUK* - HYTRUK* - x o n *  - PITER*  - PITER*  - BLOATA 
TRUCK - BOTTOn* - BOTTOH* - TIRES*  - 4ERO* - 4ERO* 
SUHTAB - EXTRNL* - AERO* - TIRES' 

- BLDATA . - AERO' - 4TMOS' - ATMOS' - RELAX' - AER04 - AERO* 
TRUCK - B E T A I J *  - B E T A I J *  - B E T A I J *  

- BLOAT4 - BLDATA - BLOAT4, - BLO4TA 
- BLOATA - BLOATA 

E ULE R* 

P I T E R *  
I NPSPR TRUCK 

I NLO 4 D* 

T R I  n 

E N G U F  AERO* O I F F L  

H O T I O W  
INPSPR* 

TRUCK* 
TRIM TRUCK 

0 I F F L  
T PUCK 

ENGULF HYTRUK* PRETRM* SETA 

.P 
N SFORCE 

SG 
SGS 
S I G  
S I G I  
SIGMA 
S I t n A B  
SIGX 

S I N  
SINA 

A ERO* O IFFL  ENGULF INLOAO SET A4 TRUCK 

SETA* 
HYT 4UK 

T IRES*  
INLCAO 

BETAIJ '  
D I F F L  

EULER* 
ENGULF SETA* SUMTAB 

S I  NPHI 
S I N P S I  
SINTHE 
S I  1 
S I Z  
S13  
S I 4  
S J 1  
S J 2  

EULER* 

EULER* 
A ERO 
A ERO 
A ERO 
A ERO 
A €40 
A €40 

SETA4 TRUZ K 
SETA* TRUCK 
SET&+ TRUCK 
SETA* TRUCK 
SET4' TRUCK 
SETA* TRUCK 

O I F F L  
0 I F F L  
O I F F L  
O I F F L  
0 I F F L *  
O IFFL*  

E N t  ULF 
EKGULF 
ENGULF 
ENGULF 
ENGULF 
ENGULF 

I NL 04 D+ 
I NL 04 O* 
I NL OA O* 
I NL G40* 
I N L 0 4 O  
INLOAO 

MOTION 
MOTION 
MOTION 
MOTION 
n 0 T I O N  
MOTION 



S J 3  - 
S J 4  - 
S L I D  * 

SLOPE - 
SL X - 
SL XA - 
SLY - 
SL z - 
SMAX - 
S H I N  - 
SOLVE - 
SPRING - 
SPRNG - 
SQRT - 
STOP - 
SUHARY - 
SUMTAB - 

P T * 
N 
c. T A - 

TAWAX - 
TAMIN - 
TAN - 
TQNA - 
TCGU - 
TCGX - 
TCGY - 
TCGZ - 
T D - 
TDLAST - 
TDHAX - 
T D U I N  - 
TOT - 
TOT 1 - 
TOT2 - 
TERM1 - 

BLDATA 
BLDATA 
TIRES'  
BLDATA 
HA X I  
LAMBDA* 
LAHBDQ* 
LAMBDQ* 
LAMBDA* 
MAXI*  
M A X I L  
RELPX* 
BLDATA* 
TRUCK* 
EXTRNL* 
AERO* 
TRUCK* 
TRUCK* 
TRUCK' 
O I F F L *  
ENGULF* 
MAXI+  
M A X I C  
ENGULF* 
ENGULF* 
CGCALC* 
CGCALC* 
CGCALC* 
CGCALC* 
BLD,AT A 
TRUCK. 
BLOAT& 
H A X I '  
MAXI *  
HYTRUK* 
HITRUK* 
HYTRUK* 
T I R E S *  

A ERO 
I1 ERO 
TRUCK* 
CGCALC 
HOTION 

MOTION* 
MOTION* 

BASE* 

ATHOS* 

ENGULF' 

HOTION 
MOTION 
T I R E S *  

A ERO * 

A ERO* 
H O T I O N  
MOTION 

O I F F L *  ENGULF 
D I F F L '  ENGULF 

E XTRNL* FORCE1 
REBOUN RFORCE 

SWARY*  SUMTAB 
SUMARY* SUMTAB 

BOTTOM* FSPRNG* 

ENGULF* LAH8DA* 

HYTRUK* SOL WE* 

SUMARY* SUMTAB 
SUMARr* SUMTAE 

O I F F L  EhG ULF* 

0 I F F L  ENGULF* 
SUH44Y* SUM TAB 
SUMARY+ SUMTAB 

INLOAD MOTION 
INLOAD H O T I O N  

FSPRNG GEOM* 
SFORCE T I R E S  

TRUCK 
TRUCK 

INPSP R* PRETRW* 

TRUCK 
TRUCK 

HYTRUK* I N L O A D  

INLOAO MOTION 
TRUCK 
TRUCK 

SETA* TRUCK 
SETA* TRUiK  

LAMBDA M A S S M  
T R IU*  TRUC K 

T IRES* TRIM* 

T IRES*  

UCTION SETA 

S ETA TRUCK 



TG S 
THETA 
Tin 
T I M E  

- - .. . 
I A n 1  

T I 0 1 2  
T I 0 2  
T I 0 2 4  
T I 0 7 2  
T IREC 
T IRES 
TIRSAV 
T L  
T L  K 
TLXB 
TLY 
TLVB 

r TLZ 
E T L Z B  

T n  
TUB 
T H I N  

TH Z 
T O L i  
TOLZ 
TOTAL 
T R I M  
TRMDIM 
T S 
TSMAX 
TSMIN 
TS Q 
T T 
T v n A x  
T I M I N  

- T I R E S *  - ATMOS* - AERO* - ADAH5+ 
FSPRN6 
RFORCE . -- -* - ACKU' - A 0 4 H I *  - AOAMI* - AOAt i I *  - AOAMI* - tEOM' - EXTRNL* - T I R E S *  - LAMBDA+ - ;Eon - T I R E S C  - GEOM - LAMBDA* - GEOM - LAM8DA* - ATMOS* - ATMOS* - AERO 
t E o n  
SFORCE - ATtiOS* - P I T E R *  - PITER'  - TRIM*  - TRUCK* - TRIM' - HYTRUK* - M A X I *  - H A X I *  - HYTRUK* - HVTRUK+ - M A X I *  - M A X I *  

A ERO* 
6EOH 
SFORCE 

A D4M5* 
AOAH5* 
ADAU5* 
ADAM5* 
I NPSPR* 

TRUCK* 

INPS'PR 

I N P S P R  
T I R E S 4  
I N P S P R  

BASE 
MASSM 
SUNARY* 

TRIW* 
U O T I O N  
MOTION 

MOTION 
MOTION 

B4SE 
MASS# 
SUMARY* 

e o T T o n  
BOTTOM 
B o T T o n  
8CTTOM 
LAUBOA* 

LAMBOA* 

L AMBOA* 

LAMBDA* 

B E T A I J  
U A X I *  
SUMTAB' 

SUMARV* 
S W A R I *  

SUHARV* 
SWARY* 

B E T A I J  
M A X I *  
SUMTAB* 

EXTRNL 
E XT RNL 
EXTRNL 
EXTRNL 
T I R E S +  

T I R E S *  

T I R E S +  

T I R E S +  

BOTTOM 
MCTIOh 
T I R E S  

SUMTAB 
SUUTAB 

SUUTAB 
s u n r A e  

BOTTOH* 
MGTION* 
T f RES* 

MOTION* 
MOTION+ 
HOT ION* 
HOT ION* 
T R I W  

TRI r 

T R I W  

TRIW 

EULER 
O R I G I N  
TRIW 

TRUCK 
TRUCK 

TRUCK 
TRUCK 

EULER 
O R I G I N  
T R I M  

REBOUN 
REBOUN 
REBOUN 
REBOUN 
TRYCK+ 

TRUCK 

TRUCK 

TRUCK 

E XT RNL 
PRET RM 
TRUCK 

E XTRNL FORCE I 
P RETRM REBOUN 
TRUCK* 

T I R E S  
T I R E S  
T IRES 
T IRES 

F CRCE I F S P R N t  
REBOUN RFORCE 



T 0 
T i  
T 2 
T3 
T 4 
u 
v 
VB 
JOAHP 
voon 
VOT 
VEL 
v I n P  
#MAX 
VMIN 
VNUM 
VS 

VT 
W 

I IEIGHT 
UF 
W G 
WGTS 

X 

X B 
XBARCM 

XBOGIE 

XBOX 
XC G 
XDSAVE 

AEROL 
O I F F L *  
O I F F L *  
O I F F L *  
O I F F L *  
GEOM* 
OIFFLC 
T I R E S *  
FSPRNG* 
REBOUN* 
T I R E S C  
BOTTOM+ 
REBOUN* 
U A X I *  
MAX I* 
REBOUN* 
AERO* 
TRUCK 
T I R E S *  
AERO* 
TRUCK* 
GEOM* 
SETA* 
BLOATA 
GEOM* 
SET A *  
BLOATA 
PRETRM* 
INLOAO* 
AERO* 
GEOMC 
SFORCE* 
A0 A n1 
FSPRNG 
PRETRM 
TRUCK 
BLO AT A 
CGCALC* 
EXTRNL 

ENGULF* 

I NPSPR 
FSPRNG* 

I NPSPR 

MOTION* 
MOTION* 

O I F F L  

D I F F L  

6 E A l *  

A ERO 
GRAY* 

BASE* 
RELAX* 

BASE 
M ASSMI 
S U H A R I  
A OAM5 
G EOM 
REBOUN 

A ERO* 
6 EON* 
M A X I  

LAMBOA 

TRIM 

SUflARY* 
SUflARY* 

ENGULF* 

ENGULF 

PRETRM* 

D I F F L  
PRETRfl' 

BOTTOM 
T I R E S *  

BETA1 J 
U A X I  
SUMTAB 
A ERO 
GRAJ 
RFORCE 

O I F F L  
INLOALP 
UOTION* 

T I R E S *  

TRUCK 

SUHTAB 
SUMTAB 

HYTRUK 

HYTRUK 

TRIM*  

ENGULF 
T E I  n 

FSPRNG* 
TRIMr 

BCT TOM 
UCTION 
T I R E S *  
BASE 
I N P  SPR 
SFORGE 

ENGULF* 
LAPIBOA* 
0.61 GIN*  

T R I M  

T RUCK 
TRUCK 

INLOAD 

I NLOAO 

TRUCK* 

INLOAO 
TRUCK 

HYTRUK+ 
TRUCK 

EUL ER 
O R I G I N  
T R I M  
BOT TOM 
LAUBO A* 
SUMARV 

INLCAO* 
MOT I O N  
T I R E S  

TRUCK 

MOTION 

n o r I o N  

nor ION 

I NPSPR* 

EXTRNL 
PRETRM* 
TRUCK 
GGCALC 
flASSM 
SUNTAB 

MOTION 
TRUCK 
T R I M  

SETA* SUnTAB 

SET A *  TRUCK 

I hT1' I N T  l X *  

F CRCEI* FSP3NG 
REBOUN RFO2CE+ 

E XTRNL FORCE I 
M A X I  HOTIOt i  
T IRES T R I M  

S ETA TRUCK 

TRUCK 



X I  
X I Y Z  

T I R E S C  
BLDATA 
M A X I  
BLDATA 
M A X I  
R L n A l P  
M A X I  
BLOATA 
M A X I  
BASE* 
TRUCK 
FORCEI*  
WASSH* 
FORCEI*  
EXTRNL* 
O R I G I N *  
BASE* 
RELAX* 
RELAX* 
EXTRNL 
TRUCK* 
T I R E S *  
I N T  i* 
EXTRNL 
T I R E S *  
RELAX* 
ENGULF* 
AERO* 
AERO* 
AERO* 
PER0 
CEO U 
SFORCE 
EULER* 
INLOAD* 
BLOAT4 
CGCALC* 
BOTTOU 

C GCALC 
H O T I O N  
C GCALC 
MOTION 

- C&CAl_r: 
MOTION 
CGCALC 
MOTION 
BOTTOU* 

E XTRNL 
REBOUN 
EXTRNL 
REBOUN 
EYTR-NL 
REBOUN 
E XTRNL 
REBOUN 
EXTRNL 

F ORC E I *  
RFORCE 
FORCEI*  
RFORCE* 
FCRCE I* 
RFO RCE* 
FORCEI*  
RFORCE* 
FSPRNG* 

FSPRNG 
S FORCE 
FSPRNG 
SFORCE* 
FSPRNG 

SFORCE* 
FSPRNG 
SFORCE* 
LAMBOA* 

GEOU* L PMBDA 
T I R E S  T R I M  
GEOH* L Aneon 
T I R E S  T R I M  
GEOH* LAMBDA 
T I R E S  T R I M  
GEOU* L AUBDA 
T I R E S  T R I M  
PRET RM* REBOUN* 

MASSM* 
TRUCK 
MASSn* 
TRUCK 
M n s s M *  
TRUCK 
MASSM* 
TRUCK 
T R I M  XLPMDA 

X L J  
X!4 ASS 
XMJ 
XOBAR 
XO B ARO 
XPREL 

RFORCE* 
MOTION* 
R FORC E* 
M A X I *  

SFORCE* 
REBOUN* 
SFORCE* 
MCTION* 

TRUCK 

O R I G I N *  T I R E S *  T R I  Mi TRUCK* 

XPROP r 
N XRES 

XSAVE 
XSAVEX 

M A X I  M OTI  ON O R I G I N *  T I R E S  

T I R E S *  

T R I M *  TRUCK* 

XSC 
XT 
XTe 
XT BAR 
X X I  
X 0 
X 1 
X3 
X4 
YAH 

I N T I X *  
M A X I *  O R I G I  ti T R I M  TRUCK 

BASE 
tl ASSU 
SUnARY 

B E T A I J *  
M A X I  
SUUTAB 

BOT TOM 
WCTICC* 
T I R E S  

EUL ER* 
O R I G I N  
T R I  V 

EXTRNL F CRCE I FSPRNG 
PRETRU REBOUN RFORCE 
TRUCK* 

YAWD 
YB 
Y BOX 
Y CG 
YOSAV 

A ERO* 
6 €OM* 
EULER* 

O I F F L  
INLOhDL 
UOTION* 

ENGULF 
LAMBOA* 
REB OUN 

n O T I O N  SETA TRUCK 
TRUCK 



YOSAVE - 
Y I E L D  - 
YL J - 
YOBAR - 
YOBARD - 
Y S A J  - 
YSAVE - 
YSAVEX - 
Y T - 
YTBAR - 
Z - 
Z B - 
ZBOX - P 

N ZCG - m 
ZOSAVE - 
Z L J  - 
ZOBAR - 
ZOBARO - 
ZSAVE - 
ZSAVEX - 
Z T B  - 
ZTBAR - 
NO UNUSED 

EXTRNL  
H A X I  
F O R C E I *  
EXTRNL 
O R I G I N *  
BOTTOM 
EXTRNL 
TRUCK* 
I N T I C  
T I R E S *  
AERO* 
SUUTAB 
I N L  OA D* 
BLOATA 
CGCALC* 
EXTRNL  
F O R C E I *  
EXTRNL  
O R I G I N *  
EXT  QNL 
TRUCK* 
EXTRNL  
T I R E S *  

V A R I A B L E S  

U A X I  MOTION* O R I G I N *  
M O T I O N  SUUARY SUUTAE* 
R FORCE* SFORCE* 
tl A X 1  HCT ION*  O R I G I U *  

E ULE R*  MOTION* REBOUN 
U A X 1  U O T I O N  O R I G I W  

ATUOS* 
TRUCK 

A E 4 0 +  
6 €OM* 
U A X 1  
R FORCE* 
M A X I *  

M A X I  

M A X I *  

O I F F L  ENGULF 

O I F F L  ENGULF* 
I N L O A D *  LAUBOA* 
MCTION* O R I G I N *  
S FORCE* 
MOTION* O R I G I N *  

MOTION O R I G I N *  

M O T I O N  O R I G I N  

APPEAR I N  THE ABOHE L I S T .  

T I R E S  
TRUCK* 

T I R E S *  

T I R E S  

HYTRUK 

I N L O A O *  
M O T I O N  
T I R E S  

T I R E S *  

T I R E S  

T I R E S *  

T R I M *  

T R I M *  

I N L O A O  

U O T I O N  
TRUCK 
T R I M  

T R I M *  

T R I U *  

TRUCK* 

TRUCK* 

U C T I O N  SETA*  

SETA TRUZK 

TRUCK 

T RUC K* 

TRUCK* 

TRUCK 



APPENDIX B 

PROGRAM LISTING 



C 
c M A I N  PROGRAM. 

k A DYNAMIC HATHEMATICR-L HOOEL OF A TRUCK-SHELTEI-RACK 
C SYSTEM I N  RESPONSE TO A BLAST WPVE. 
C  
c 
C  ,. F I L E  USE - 
z TAPE 5  = I N P U T  
C TAPE 6  = OUTPUT 
C TAPE 8 = DATA TAPE FUR GRAPHICS. 
C  - 
I, 

E JULY, 1977 .  VERSION 2.0. 

5 KERR - 0 %  NO ERROR 
C 1, NEW ORIENTATION 
C 2, NEH J 3 B  
C 3, ABORT JOB. 
C  NGPLL - 0. RESPONSE 
C 1. TRIM 
C 2. SETUP. 
C K T I R E  - 0, F I R S T  PASS 
C 1, NEW TRIM 
C " 2, OLD TRIM 

COMHON/BLAST/ A.4OrADltP02.ALT. A O r C O S A . O E L T P . < a L A S T ~ P I H P . P ? .  
1 P S ~ P S O E S T ~ P S O . P O , Q I Y P t Q O ~ R A N G E n . S F ~ 5 ~ ~ S I N A ~ V S ~ W ~ Z  

COMMON/BOTH/ EXPAN( iOO) rNBOTOY( lOO)  S B O T M ( l O O ) r V E L ( i O O )  
COMMON/CALC/ BET4 0 . 3 )  C R I T ( 5 )  O C G . ~ C G D  00HIY.JVEL 

1 F t E i O ( 5 0 )  F O R C E ( ~ ~ ) ~ G ~ N A C C ( ~ ~ ~ . ~ E N O I S ( $ O ) S G E N V E L ( ~ O )  9 K T I i E .  
? PITSH,PTR~AL(~) , R O L L . T I ~ E ~ T M I N , K B A R C M ( ~ . ~ ~ ~ ~ Y ~ W  

COMMON/CG/ XCG. YCGvZCG 
COMMON/CHECK/ JOEBclG 
CDMMON/CINTI/  I I H A X  I I N T  
SOflMON/DATAIN/ C G $ A S ~ ( ~ ~ )  tCGPOS(3,13) .O&MPF(bOO) r D A H P V ( 6 0 0 )  t 

1 O E L T I f l  ENDTIM,G,GS ( 2 )  . ISOAMp(50)  H D I M O P , N P 0 4 M P ( 5 O ) ~ S L O P E ~  
2 X I Y Z  ~ i i ( 1 3 )  K I Z ( 1 3 )  X I ~ ( ~ ~ ) , D E L ~ X ~ D  ~ T X ~ ~ O ~ R T S O P R T ~ ~ E N D T X  

C O M M O N / ~ E L T A S /  ~ISP(IOOI 
COMMON/DIMENS/ MACD0F~YAXHAS.HAXSP. HROIM 
COMMON/INTFLG/ [F IRST 
COMflDN/ITER/ GENOIX(50)  rXSAVEXsYSAVEX.ZSAVEX 
COMMON/JFTRIM/ J T R I M  
c o n n o N  X L A M O A  ( l o o ,  4 4 )  
COMMDN/LOAO/ A L ( 6 )  Ab(6).CK(6),CP(6).  DDCODE(6) r 

1 EEF(4.6) 911s I S  J [ 1 % ( 1 6  6  S).KOEBUGI KTS(4) rYBOX. 
2 N P S ( ~ ~ ~ ) . P I , ~ S I ~ F ~ ~ ) . P S ~ O ~ ~ ~ , S ( ~ ~ ~  6. 4 t t S 1 G  ( 5 )  r 
3 SI1(16rbr4)tSI2(16t6~4)rSI3(16~6.4)~ S I 4 4 1 6 r b r 4 )  r 
5 S J i ( i 6  b r 4 ) * S J Z ( 1 6  b r 4 ) . S J 3 ( 1 6 r 6 , 4 ) . S J 4 ( 1 6 r 5 r 4 ) ,  

TO ( 1 6  8.4) WG(b) ~ 8 3 ~ ( 1 6 , 6 . 4 )  .YBOX(1616.C)  r 
5 2 8 0 ~ ( 1 6 . 6 . & ) .  TOLAST 

COMMDN/MASS/ XMPSS(5Or50)  
COMMON/MAXMIN/ AHAX(5O) .AMIN(50~  .ANGLE(19) . C I P ( 1 9 . 6 )  r 

1 C I Q ( 1 9  6 )  CPSIP(  19,b) CPSO(19 6).CRKM(19 6) .DMAX(50) .  
2  O M I N ( ~ ~ ) . ~ F L ( I ~ . ~ )  . J M ~ K H A X ~ ~ H A X ( ~ O O )  S ~ I N ( I O O ) ~  
3 T L ~ ~ ~ ~ ~ o ~ , T A ~ I N ~ ~ o ~ . ~ o M A X ~ ~ ~ ~  , ~ o n 1 ~ ~ 5 0 i . ~ s n = a r  ciao). 
b T S M I N ( l 0 0 )  .TVMlX(SO) r T V n I N ( 5 0 )  , V M A X ( 5 0 ) t V M 1 4 ( 5 0 ) ~  
5 Y I E L O ( 6 )  

COMt'ON/HOVING/ XOSAVE,XOBAR, XSAVErXTB(5)  *YDSPVEt YOBARtYSAVEr 
1 ZDSAVErZOBAR.ZSA E r Z T B ( 5 )  

COMMON/OPTION/ I O P T ~ J G ~ P P H . K A X L B ( ~ ) , K A X L E S ~ Y ~ O ; ~ K O A H  KERR.KGWIi1t  
1 K6HIRZ KRACKS,KRIGID,KSHELT KWIRES HASSES M O O F ~ M S ~ R N G ~  
2  N A S J R ( ~ )  N C A L L , M C A S E ~ N J O B . N ~ U T , N P R ~ N T . N R S ~ R ( ~ )  ~NSPRNG.NT?IP.-. 
3  XBOGIE(~~~IDO(~O) 

COMMON/PRELOD/ PRELOO(4) 
COMnON/SPRING/ mix (600)  .JCURVE(52) .HAXSPR, N P P 3 ( 5 2 ) t  

1 X ( 6 0 0 )  
COMMON / T I R E G /  CN c T . N T I R E S ( 6 )  rNTSPRNvRW,TLX(3rb) r T L Y  ( b ) . T L Z 1 6 ) r U  
COMMON / T I R S A V /  O ~ L T N X  (3,2.18).DELTNi (392.18)  r I T T N X ( Z r 1 8 ) r  

1 D T T N i ( 2  1 8 ) . S L I D ( Z  1 0 )  
C O ~ M O N / W E ~ G H T /   WEIGH^. W G T S ( I ~ )  



NTM4K = 1 0  
N J0 !3  = 0 

I NJOI3 = NJOB + 1 
REAII (5.1) ( I D 0 ( I ) 1 1 = 1 . 4 0 )  
IF( . [DD( l ) .EQ. IEND) GI? TO 9 0 0  
H R I ' I E  (6.20) NJOB 
WRI' IE (6.21) ( I D D ( I ) ~ I = 1 ~ 4 0 )  
KER17 = 0 
NCAI-L = 2 
CALI. GEOM 
I F  IKERR.GT.0) GO TD 8 0 0  
CALI. AERO(0. 0.0) 
WRITE (6 .3)  
NCA1.L = 1 
T I M l I  = -1. 
I I N 1 1  = 0 
I I M l \ l (  = 2 0  
CALI. TRIM 
I r  :: 0 
0 0  :130 I A  = 1.KAXLES 
NTT = N T I R E S f I A  I 
0 0  1.30 NT = l.NTT 
I T  =: I T  + 1 
0 0  1.30 I R O L  = 1 - 2  
OTTEIK ( I R O L r  I T )  = D T T N l ( I R O L . 1  
DO 1.30 I D = l . 3  
D E L l ' N X ( 1 D ~ I R O L ~ I T )  = D E L T N l ( 1  
XSAL'EX = XSAVE 
YSAVEX = YSAVE 
ZSLLk'EX = ZSAVE 
0 0  1.50 I 0  = 1.MDOF 
GENClI X (  1 0 )  = GENOIS (EO) 
REaO ( 5  4 )  KDAM K3LAST 
I F  (ICBL~ST.EQ.O\ <BLAST = i 
I F  ( K R L A S T - € 9 - 1 )  WRIFE (6 .15 )  
I F  (KBLAST.EQ.2) WRITE ( 6 1 1 6 )  
I F  (KD9M.E - 0 )  WRITE (6 .8)  
I F  (~04M.Nz.0)  R I T E  (6.9) 
CALL SUMTAB (0.0) 
NCASE = 0 

PEA0 (5.5) PSOEST.ADl.&DZ OELTAIWIALT 
I F  (PSOEST.EQ.O.0) GO TD 3 5 0  
H R I T E  (6.6) PSOFSTrADl ,PD2rDELTA,W,AL 
AD = 0. 
PSO = PSOEST 
C A L L  AfRO(1,O.O) 
A 0 0  = 40 /12 .  
WRITE (6.7) POvA00 
NORM4X = 1 
I F  (3ELTA.NE. 0.0) NORM4X = (AD2-A01) /  
I F  (NORMAX.LE.0) NORMAK = 1 

. T 

DELTA + 
ll 

0 0  7 0 0  NOR = 1,NORMAX 
NCASE = NCASE + 1 
AD = AD1 t F L O A T t Y O R - l ) * D E L T A  
KERR = 0 
I F  (NOR.GT.1) PSO = 0'.95+PSOC(1.0 + .35+SIN(POCPI/I8O.)++2)1 
I (1.0 t . 3 5 + S I N ( ( A D - D E L T A l + P I / 1 8 0 .  )**2) 

NFLA; = 0 
I F  (CO4M.GT.O) CALL SUYTABt 1.0) 
N T R I 4 L  = 0 

4 0 0  N T R I Z L  = N T R I A L  + 1 
I T  = 0 
;fr4:ON;;R;S:f$pLES 
DO 4.50 NT = 1.NTT 
I r  = rr + 1 
DO 4 3 0  I R O L  = 1.2 
DTTNIL I I R O L  I T )  = DTTNX( IROL. IT )  
s L r o l r  I S O L ~ ~ T )  = 0.0 

TRUCK 



DO 4 3 0  1 0 = l r 3  
O E L T N I (  I 0  1ROL.IT) = OELTNX (10, IROL. I  T) 
XSAVE = X ~ ~ V E X  
YSAVE = YSAVEX 
ZSAVE = ZSAVEX 
XOBA'R = XSAVEX 
Y O B I ?  = VSAYEX 
ZOBAR = ZSAVEX 
DO 5 0 0  I 0  = i r t4DOF 
G E N D I S ( I 0 )  = GENDIX (10) 
R O L L  = G E N O I S ( 1 )  
P I T C H  = G E N O I S ( 4 )  
YAW = t E N O I S ( 5 )  
I I N T  = 0 
I I M A K  = 2 0  
I F  (NPIINT.EQ.0) I I M A - X  = -1 
NCf iLL = 1 
T I M E  = -1. 
C A L L  B E T A I J  
C R L L  EXTRNL 
r I n E  = 0: 
.,,.a, 8 - 
I.I .*LC - 
C A L L  ~ E R ;  ( 1 r O . O )  
WRITE ( 6  1 0 )  NJOB.NCkSE, NTRIAL.AO,PSO,Q O,RPNGEM* PIMP.QIMP 
C A L L  n o r i o ~  
I F  (KEQR.EQ.2) GO TO 7 5 0  
C A L L  SUMARY 
I F  (<ERR.EQ-1) GO TO 7 0 0  
I F  (KD9M.EQ-0) GO TO 7 0 0  
P T I I P L I I )  = PSO 
C A L L  P I T E R  (CRIT.?TRIAL.  N T R I A L I K O K )  
P S O  = P T R I P L ( I )  
C A L L  AERO(1r  0.0) 
I F  (PSO.EQ.PTRIAL(1))  ;O TO 6 0 0  
P T R I l L ( 1 )  = PSO 
I F  (PSO.EQ.PTRIALI2) .0R.PSO.EPpPrRIAL(3) )  NFLA; = 1 
NFLAG = NFLAG + i 
I F  O(FLAG.EQ.1) GO TO 5 0 0  
KOK = 2 
WRITE ( 6  1 1 )  PSO RANGEY.CRIT(1) 
IF (KOI(.~Q. o .AN~.NTRIPL.LT.NTMAX) GO T O  400 
I F  (NTRIAL.EQ.NR.(AX) W I I T E  (6 .13)  ( P T R I A L ( I ) r C X I T ( I )  r I = I r S )  
I F  (KOK.E(I. 1) WRITE C 6 r i 2 )  N J O B ~ N C A S E I A O ~ P S O . Q O ~ R A N G E M . P I M ? ~  
C A L L  SUMTAB(ZIKOIO 
C ONTI  NUE 
GO TO ZOO 

L. 
7 5 0  I F  (JMPx.EQ.O) GO 1 3  1 0 0  

WRITE (6 .17 )  NJOB. ( I D o ( 1 )  . I = i r 4 0 )  . ( Y I E L O ( K )  . K = i r K M A X )  
DO 7 6 0  J = i  JHAX 
WRITE (6.18) ANGLE(J).  (CPS0 fJ .K )  I F L ( J . K ) , K = l  .KN9X) 
WRITE (6 .19 )  ( C R K H ( J ~ K ) * K = ~ . K M A K I  
WRITE (6 .19 )  ( C I P ( J , K )  .K=I.KHAX) 
WRITE (6 ,191 ( C F S I Q t J  K) ,K=l,UMhXI 
WRITE ( 6 . 1 9 )  (CIP(J.K~,K=~.KMAX) 

7 6 0  CONTINLIE 
GO TO 1 0 0  

C - 
C 
C END OF RUN. 
C 

8 0 0  WRITE ( 6 r 1 4 )  
STOP 

C 
9 0 0  WRITE (6.2) 

STOP 
C r: FORMP T STATEMENTS 
C 

1 F O R M l T  ( 1 0 6 2 )  
2 FORMLT (1HO 5 6 X  2 1 H * * *  NORMAL END OF JOB) 
3 FORHAT (ZSH!STA~T T R r M  CALCULATIONS.) 
4 FORMLT ( 6 1 1 2 )  



#ST DATA 

TRUSK 



SUBROUTINE A O A t l I ( O E L T 1 ~ )  
C  
c I N I T I A L I Z E  INTEGRATION VARI4BLES FOR W E N  AO4MS METHOD. 
C 

COMMON/ADAM/ KSTARP.NEQ*NITrQ3(100) .QRO(bt lOO) ~ Q R P l l O 0 ) t T I O l 2 ~  
1 T I  02; T I 0 2 4 . T I D 7 2  

COMHON/OPTION/ IOPT GIAPH.KAXLBl2) KAXLES KBO; KOAH KERRIKGWI?~, 
1 K;WIR2 KRAcKsIICR~~I?~ KSHELT KWIR&S M A S S ~ S  n ~ b ~ .  M S ~ R N G .  
2 ~4 S D R ( ~ )  . N C A L L ~ N C A S ~ S  N J O B ~ N ~ U T ~ N P R ~ N T ~ N R S ~ R ~ ~ ~  ~NSPRNG~NTRIAL ,  
3 X B O G I E l 2 )  . I D D ( 4 0 )  - 

L; 
NEQ = MDOF12 
N I T = L  
K S T A P T = l  
TIO2=OELTIM/2.0 
T I O l Z = D E L T I M / l 2 . 0  
TIO24=OELTIM/2C.O 
T I 3 7 2 = D E L T I M / 7 2 0 . 0  
DO 10 INDEX=; NEQ 
QRPIINDEXI=O.~ 
DO 10 I N D E X l = I  b - 1 0  Q R O ( I N ~ E X ~ . I N O ~ X ) = O . O  

L. 
RETURN 

C 
END 



SUBRDLITINE AOAH5(GENOIS~GENVELtGENACCrTIUErOELTIU)  
C ' 
C .. F I F T H  ORDER OPEN ADPHS ENTEGRATION. 
L. 

COMMOhl/AOAH/ KSTART,YEQrNITrQR(iOO) 9QRD (6.100) r Q R P ( i O O ) r T I O l 2 .  
1 T I  C 1 2 ~ T I 0 2 4 r T 1 0 7 2  

COMUOEI/OPTION/ IOPT JGIAPHrKAXLB(2)  K  AXLES K30G KOAM KERRr KGWII I .  
1 KG bIIR2 K R A C K S ~  KR~GIDV KSHELT KWIR~S U A S S ~ S  M O ~ F ,  M S ~ R N G ,  
2 NP S;PR( 8 )  .NCALL. N C Y S E . N J O B ~ N ~ U T . N P R ~ N T . M R S ~ R ~ ~ )  .NSPRNG~NTRIAL. ,. 3 XBClGIE(2) . IO0(40)  

L 
DO 500 INOEX=I  HOOF 
QR~INDEX)  =GENO~S~INOEX)  

, Q R ~ I N O E K * ~ O O F ) = G E N V E L ( I N O E X )  
QRD(I r INOEX)=GENYEL( IN X) 

.. 5 0 0  QRD(I r ~ N ~ ~ ~ + M ~ ~ n = G ~ ~ A ~ ~ ~ I N O E X )  
k INTEGRATE. 
C 

GO TO ~ 3 0 0 0 ~ 3 0 0 1 r 3 0 0 6 ~ 3 0 0 6 )  r N I T  
3 0 0 0  T IME = T IHE+OELTIq  
3 0 0 1  I F  (<STIRT.EQ-1) GO TO 3 0 2 7  

C 
DO 3003 I=i NEQ 
Q R P t I  )=QR~II 

C 
DO 3003 J=1.5 
56-6-  J 
J7=7-  J 

3 0 0 3  Q R D ( J 7 r I ) = Q R O ( J 6 r I )  
C 

GO TO ( 3 0 0 4 r 3 0 0 4 r 3 0 1 1 ' r 3 0 1 5 r  3019.3023) 9 KSTPRI 
3 0 0 4  DO 3005 I=I.NEQ 
3 0  05 ?R( I) =QRP(I)+QRDtZ. I )+DELT IM 

C 
N I T = 3  
TIME=TIUE+OELTIM 
G O  TO 3 0 2 5  

C 
3 0 0 6  G O  TO 1 3 0 0 7 r 3 0 0 7 ~ 3 0 1 3 r 3 0 1 7 r  3021)  rKSTA liT 
3 0 0 7  DO 3003 I=i NEQ 

- 3 0 0 8  QR(I)=~RP(I~+(QRD(I.I)+QRO~Z~I))'TI~~ 

L 
3 0 1 1  DO 3012 I=1 NEQ 
3 0 1 2  QR(1) =QRP(I~+(~.O*QRO (2, 1 ) - 3 R 0 ( 3 r I )  ) * T I 0 2  

N I T = 3  
GO TO 3 0 2 5  I 

ti 
3 0 1 5  DO 3016 I=i NEQ 
3 0 1 6  3 R t I )  = ~ R P ( I ~ + ( ~ ~ . O ' P R D ( ~ ~ I ) - ~ ~ . O + Q R O ~ ~ ~  I ) + 5 . 0 ' 2 R 0 ( 4 r I l  ) * T I 0 1 2  

N I T = 3  
G O  TO 3 0 2 5  - 



ONCE I N T E G R A T I O N  HAS STARTED, T H I S  EQUbTION I S  BLWAYS USED. 
N I T = L ,  KSTbRT=6 .  

3 0 2 3  DO 3 0 2 4  I=i NEQ 
3 0 2 4  Q R t I )  = Q R P ( I ~ + I ~ ~ o ~ .  0 * ~ ~ ~ ( 2 . 1 ) - 2 7 7 4 .  0 * Q R D ( 3 . I ) +  

1 2616.O*QRD(4.  1 ) - 1 2 7 4 .  O * Q R O ( 5 t I I  + 2 5 1 . O * l R D ( 6 r  1 1  ) * T I 0 7 2  
GO TO 3 0 2 5  

C - 

b 
RETURN 

C 
END 



b 

C 
I F  (ICnERO-1) 1 0 0 . 1 5 0 . 1 S 0  
F I R S l  PASS. 

1 0 0  CALL  INLOAD 
I S  = 2 t KAXLES 
I I S  :: 7 + L*KAXLES 
I I S 3  = 11s t 3 
RETU:IN 



F 6  = 0. 
F 7  = 0. 
F B  = 0. 
F 9  = 0. 
F i O =  0. 
DO 1 3 0 0  N=l,NBOX 
KT  = KTS(N1 
DO 1 1 0 0  I=i 6 
NPSS = NPS(I.NI 
I F  (WPSS-EQ-Ol GO TO 1 1 0 0  
C P I  = 1 P ( I I  
S I G I  = S I G ( 1 I  
1 = ( I + l l / 2  
0 0  1 0 0 0  K=i.NPSS 
P  = 0. 
J F  = JF IR (K .1  N) 
Tin = T IME  - ~D(<,I,NI 
I F  (IIM.LT.O.1 GO TO 300  
I F  (TIW.NE.TIM1I CALL HYTRUK (TIM,RANGE,PS,Q, 21 
T I N 1  = T I M  
P  = P S  +  CP I+Q  
I F  (JF.EQ.11 GO TJ 300  
CALL O IFFL  ( K  1.N T I U l * l  

3 0 0  F  = S I G I  * P * ~ ( K  f N) 
IF ( K ~ E B U G . E Q . Z . J ~ N ~ . N O U T . E Q .  O )  WRITE (6.11 K, I.N,JFIR 

1 T1H.D.Q.F 
I F  ( 1 1 - 2 )  3 5 0  550.450 

3 5 0  F i  = F 1  - F+Y&OX(K.I.NI 
F 2  = F2  t F 
F 5  = F5 4 F*ZBOX(<.I,Nl 
I F  (KT.EQ.2) F 7  = F 7  - F* (YBOX(K* I .N I  - X B t R C M ( 2 r I S l l  
G O  TO 1 0 0 0  

4 5 0  F 1  = F 1  t F C X B O X ( < r I r N I  
F 3  = F3 t F  
F 4  = FS - F*ZBOX(K.I  N) 
I F  (KT.EQ.11 GO 1 3  1 8 0 0  
F 7  = F7 + F*(XBOX(K,I INl - X B A R C M ( l r I S l l  
F 8  = FB t F  
F 9  = F9  - F+(ZBOX(K.I IYI - X B A R C M ( 3 ~ I S I l  
GO 1 3  1 0 0 0  

5 5 0  F 4  = F 4  + F*YBOX(K. I rN I  
F 5  = F5 - F + X B O X ( < r I r N l  
F 6  = F5 +  F  
I F  (KT.EQ.11 GO 1 3  1 0 0 0  
F 9  = F3 + F+(YBOX(K.IIV) - XBARJM(2, IS l )  
E l 0  = F 1 0 .  F  

1 0  00 uONTI  NUE 
1 1 0 0  CONTINUE 
1 3 0 0  CONTINUE 

FAERO(1 I  = F 1  
FAERD(21 = F 2  
FaERD (3 )  = F 3  
FAERD(4 l  = F 4  
FAERD(5 l  = F 5  
FAERO(51 = F b  
F A E R D ( I I S 1  = F 7  
FAERD ( I I S t I )  = F8  
FAERD ( I I S t Z I  = F9  
F A E R O ( I I S t 3 1  = F i O  
I F  (KOEBUG.EQ.2.PND.NOJTiEQ. 01 WRITE ( 6 ~ 2 1  (FASRD( I1  r 

1 I = t r 5 1 ,  ( F A E R O ( I l . I = I I S . I I S 3 l  
RETURN 

i FORMAT (413,4E15.5) 
2  FORMPT ( 3 5 H  GENERBLIZED FORCES - TRUCK, S H E L T S R / ( l O E l 3 - 5 I l  
4  FORHPT (3HOAL/6E15.6/13H K.I.NIJF*TIM.P~Q*F I 

END 



UU Y n = 1 * 1 1  
IF(HP'R1M-HPRIMB(M))  5 .6 .4  
CONTI  NJE 
n = 1 2  
n = n - 1  
IF (ALM( t4 )  I 7 . 8 ~ 7  
T M = T M B ( M ) + A L M ( M l * ( H P R I M - H P R I M B t n ) )  
S I G M l = E X P ( ( l . O + ( Q I A L M ( Y ) )  )*(ALOG(TMB( M)/TMJ ) ) + S I G M A 0  
GO TO 9 
rn=rrn~(n) 
SIGMb=SIGMAB(M) .EXP(-(a* ( H P R I n - H P R I n e ( n ) ) ) / r n e I n ) )  
RHO=RHDZ*SItMA 
THETL =TM/TMZ 
DELTL =SIGMA+THETA 
CA=4  .02177+SQRT(TM) 1 AMU= MUZ*SQRT(THETA * 3 ) *  ( (T! iZ+S) / (TM+Sl)  
RETUPN 
END 



~7. ' - -BETA 13 3 C R I T ( 5 )  OCGIOCGO ODWIN. DVEL 
0 )  FORCE( ~ o ' ~ . ; ~ N A c c ( s o ~  r ~ ~ ~ ~ ~ ~ ( I ~ )  G E N Y E L ~ S O )  1 ~ ~ ~ ~ ~ 1  
I R ~ ~ L ~ ~ ~ ~ R O L L ~ T I H E , T M I N ~ X B ~ % ~ ~ ( ~ ,  .a*... 1 3 ) ~  YAM 

P H r < A X L B ( Z )  KAULES <B0; <DAM KERRIKGWI~ 
,KSHELT.KWIR~S.HASS~S, n ~ b ~ ,  M S ~ Q N G .  
NJOBrNOUT.NPRIW T ~ Y R S a R ( 3 )  ,NSPRNG.NTRIAL 

0 0  WE YAVE dNY GUY WIRES? 

I F  (KG# IR1.EQ.O) RE TURN 

S H I F T  SPRINGS. 

I H  = HEAVE DOF OF SHELTER. 

I H = 8 t  2"KAXLES 

I H P 1  = P I T C H  OOF. 

I H ~ I = I L ( t I  

I H P 2  = Z OOF 

I H P 2  = I H  t 2 
I H M 6  = P I T C H  INOEX FOR LAMBDA MATRIX. 

I H U 6 =  I H - 6  

I H M 5  = HEAVE INDEX FOR LLHB9A MATRIX. 

I H U 5 =  I H - 5  

I H H 4  = Z INOEX F O i  LAHBOA MATRIX 

I H U 4  = I H  - 4 
DO 1 0 0  INOEX=KGWIRi .KGl l IR2 
J = 2 + I  N3EX-I  
DISPJ=XLAMDA ( J  I H M 5 ) ' G E N O I S ( I H ) + X L A M O A ( J  r I H t i 5 ) + G E N D I S ( I H P I  

1) t K L & M D A ( J  IHM~)~GENIIS(IHP~) 
I S T A R T = J C U R V ~ ( I N D E X )  
NP=NPPS(INDEX) 
I L = I S T A R T  
I U = I L + Y P - 1  
DO 20 I = I L * I U  

2 0  FOFXf  I ) = - F O F X ( 1 )  
? P R E L = I  
WALL INTl(PRELOD(JPREL)*NP.FOFX(ISTART) 9 X ( I S T A i T )  .XPREL) 
0 0  30 I = I L . I U  

30 F D F X I  I ) = - F O F X ( 1 )  
JPREL = J P R E L + i  
DO 50 INDEXI= I .NP 
X ( I S T f i ? T ) = X  ( I S T A R T ) - X P R E L + D I S F J  

5 0  I S T A R T = I S T A R T + I  
D O  CONTINUE 

RETURN 
END 

BASE 



SUBROLITINE B E T A I J  
C  
C BETA !14TRIK I N  TEXHS OF EULER AN6LES. 
C  .. 
l, 
C SU9ROLITINE B E T A I J  CALCULATES THE TRANSFORHATIOY MATRIX FROM 
E l'4E MOVING SfSTEH TO THE I N E R T I A L  SYSTEY. BETA. 

b 
COSTHE:=COS(YAW) 
SINTHE=SIN(YAW) 
COSPHI:=COSIPITCH) 
S  INPH I : = S I N I P I T C H )  
COSPS l:=COS(ROLL) 

P 
SINPS I :=S INIROLL)  

U 

B E T A I  1.9 1) = COSTHE'COSPSI 
B E T A I  il.1) = COSTHE*SIN?SI  
B E T A I  :Ir 1) = -SINTHE 
B E T A I  llr 2 )  = COSPSI*SI .NTHE+SINPHI-SINPSI+COSPHI 
B E T A I i l r 2 )  = C O S P S I * C O S P H I t S I N P S I + S I N T H E ' S I N P H I  
BETA( i I r 2 )  = COSTHE*SINPHI 
B E T A I  :Lr 3) = t S I N P S I * S I N P H I  tCOSPSICSINTHE+COS P H I  
B E T A I  i ! r3 )  = SINPSI*S INTHECCOSPHI -COSPSI+SINPHI  ,. BETA12i.3) = COSTHE*COS)HI 

I, 
RETURN 

C 
END 



BLOCK 94TA 

DATA P I / 3 . 1 4 1 5 9 2 6 5 3 5 8 9 8 /  
DATA MAXSP/IOO/* tiAXSP*/bOO/r MAXDOF/SO/. f lRDI '4 /3 / r  flAXMAS/lO/, 

i no1 HDP/600 /  
E NO 

BLOCK DATA 



SUBROU'I INE BOTTOM 

SUBRDU'I INE BOTTOti I O E N T I F I E S  ALL  S P R I G S  THBT 
HA'SE BOTTOHEO - OJT 

c onno I 
1 T I O ?  T I 0 2 4 r T I 0 7 2  
c o n ~ o ~ ~ ~ o r n /  EXPANt iOO)  .NBOTOM(iOO) .S 
connc 

1 FII 
Z P 1  I a n  r ~ u l n ~ t : , ~  UULL I l n t .  ! n l N . h a n r c n i ~ ~ i ~ r ,  r a n  c o n n o ~ / n t ~  T A Q /  n r ~ b  11  n n t  
conno1 .. o a n o ~  
~OMM~NIINTFLGI I F I R S T  
COtlMON XLAMOA ( I O O r 4 4 )  
C O ~ M O N I O P T I O N I  IOPT JGRPPH,KAXLB(Z) K A X L E S , K B O G r I ( O A M r K E R R r K G H I R i r  

1 ~6 W I R ~ ~ K R A C K S ~ K R ~ G I D ~  KSHELT. U W I R ~ S ~ ~ A S S E S  MDOFr NSPRNGr 
NASPR(6)  N C A U ~ N C A S E ~ N J O ~ ~ N O U T ~ N P R I N T ~ N R S ~ R ( ~ )  .NSPRNGrNTRIALr $ x B , , ? T C , - r  ."",.", 

STEP 1 - TRANSFORM GENERALIZE0 DISPLACEMENTS 
I N T O  SPRING DEFLECTIONS. 

C A L L  MULT (XLAHOBrG ENOIS ( 7 )  ~OISPIMA XSPr MAXOOF 
CALL RULT (XLAM13.GENWEL(7)rVEL.l iAXSP.r(AX03F- 
I F  (I(BDG.EP.0) GO TO 8 0  

1-1 KAXLES 
+NAS~R~I) 
N P + I  

I=I .KBOG 
N S ) = ( O I S F ( N S I  + O I S ~ ( N S + 2 ) I I 2 . 0  
N S + l ) = ( O I S P ( N S + I  ) + O I S P ( N S + 3 )  t I 2 . 0  
NS+2)=0.0 
NS+3)=O10 

IS) = ( V E L t N S )  + VEL(NS+Z))/Z.O 
S + l l  = (VEL(NS+P) + V E L ( N S + 3 ) ) / 2 .  
44 
NUE 

E STEP 2 - CHECK FOR PAX. DEFLECTION. 
C 

8 0  I H I T = O  
OD 1 0 0  INOEX=l.MSPRNG 

C 
C ,. SBOTM = MINIMUM V4LtJF 3F X ON FORCE DEFLECTION CURVES. 

ti 

E NO PROBLEM I F  I H I T = O .  
C 

I F  (1 hIT.EQ. 0 )  RETU2N 
00 2 0 0  I N D E X = l r  I H I T  
N=NBOlOM(INOEX) 
I F  (NF'RINT.GT.0) Y R I T E  (6 .900)  T IME*NIOISP(N)  

9 0 0  FORMA1 ( 1 l H  AT T I q E  = €13.6. 9H S P R I G  12, 
1 284  BOTTOMS OUT, DEFLECTION = €13.6) 

C A L L  REBOUN(N8 
2 0 0  aONTIhIIJE 

C SET UF1 RESTART PROGRBM. 
N I T  = Z 
K S T A R I  = 2 
I F I R S 1  = 0 
RETUR hl 





SUBR'IUT I N €  CGCALC 
C 
E CALCI8LATE SYSTEM C.G.' 
ti 

COMHIIN/CG/ XCG I C G  ZCG 
COMH9N/OATAIN/ C G M ~ S S ( ~ ~ )  CGPOS(3 13) OAMPF(600) OAMPV(600), 

1 O l i L T I M  E N O T I  ICG G S ~ Z )   SOAM AMP(^&) M ~ I M O P ~ N P  0 9 f l b ( 5 0 )  SLOPE 
2 X:tYZ X f i ( 1 3 )  1(13(13) X I 3 ( 1 3 1  OEL~X,OELTKI DPRT D P R ~ I  E N D ~ X  

C O ~ ~ ~ ~ N I ~ P T I O N /  ~OPT.JGR!PHIKAXL~(~ )  KAXLES K~O;,K~AM,KE&R,KGWIP~, 
1 KI;NIR2 KRACKS.KRIGIO,KSHELT KWIR~S MASS~!S MDOF,MSPRNG, 
2 N I ~ S P R ( ~ )  NCALL N Z L I S E ~ N J O ~ . N ~ U T ~ N P R ~ N T ~ H R S ~ R ( ~ )  ~NSPRNG~NTRIAL,  

e 3 X I ~ O G I E ~ ~ ~ , I D O ( ~ O ~  
U 

WRITI. ( 6 1  1) 

2 
r: 

ZERO OJT VARIABLES FOR S.G. CALCULATIW.  - 
T C G ~ ' O . 0  
TCGX::O.O 
T C G Y  0.0 - TCGZ:: 0.0 

Li 

E C.G. CALCULATION. 

Y 

! ADD I :N RHS RACKS. 
G 

I F  tCRPCKS.EQ.0) GO TO 1 2 6  
INDEK=Z+KAXLES 
I F  (I:SHELT.GT.O) I N J @ X = I N O E X + I  
J=INJEK+KRACKS 
00 1 i ! 4  I O = 1  KRACKS 
T ~ G ~ ~ T : G M + C ~ M A S  S ( I N F X )  
TCGX-:T:GX-CGI(ASS(1ND X ) * C G P 9 S ( i r  I N D E X )  
TCGY::TCGY *CGMASS(INDEXI +CGPOS(2,INDEK) 
TCGZ: :T :GZ+CGMASS~ IYDEX)+CGPOS(3 . INOEX)  
CGMASSt J)=CGHASS(INOEX) 
CGPOS;(1. J ) = - C G P O S t l  PN3EX) 
CGPOS I Z r J  ) = C G P O S ( Z ~ ~ N O E K )  
CGPOS; ( 3 ,  J)=CGPOS(3, INOEX) 
J=J+I .  

1 2 4  INDEl( := INOEX+l  
1 2 6  CONTI NVE 

C 
C 
C 

L E T  UlSER KNOW NEW C.G. 

XCG=l'CGX/TCGM 
Y CG=l'CGY/TCGM 
ZCG=l'CGZ/TCGM 
WRITE: (6.3) TCGM,XCGIY:G,ZC: 

C 
RETUVN 

C 
C FORMP T STATEMENTS. 
C 

1 FORM4T ( 6 H O I N D E X ~ i 2 X ~ 4 H A S S ~ l S X ~ 1 H X ~ 1 5 X ~ 1 H Y ~ i S I ( ~ l H Z ~ / )  
2 FORM4 T (16rSX.4Ei6.7)  
3  FORM41 117HOSYSTEH CG MASS =,E16.7. 

c 
1 4H X =.E16.7~4H Y =.Ei6.7.4H Z =.E16.7/) 

END 

CGCPLC 



SUBRDUTINE O I F F L  (K.F.N T P )  
c DIFFRACTION LOADING ON E L ~ S E D  RECTANGULAR STRJ:TURE. 
c T IS TIHE FROM WEN POINT IS FIRST ENWLFEO. 
C P I S  D i A G  PHASE PRESSUPE ON INPUT - O I F F R A C T I  OI( PRESSURE OUT. 
C 

CDMMDN/BLbST/ A, PD9P;Dl A02,ALT A0 COSA r O E L T A * < a L A S T t P I M P  PRI 
PS ~ P S O E S T * P S ? ~ ~ $ ~ ~ ~ , " ~ ~ ~ ~ ~ , R ~ ~ ~ E ~ ~ $ ~ ~ ~ ~ ~ ~ ~ ~  i t . ;  f N A * V S r  w * $  i-_""- ., ,, ,..,,a i ,unnunrLumu~ m a . r v v  mu t ~ , v v s ~ v ~ r ~ ~ ~  - - -  

1 EEF(4.b) VIIS,IS. J ~ I R ( ~ ~ . ~ ~ ~ ) ~ K O E B U C ~ K T S ( S )  , ! 4 ~ b x r  
2 N P S t 6  4 ) r ~ ~ r P S I ~ F 1 b ~ ~ P I 0 0 ~ 6 ) ~ 3 ( 1 6 ~ 6 ~ 4 ) r S I ~ ~ 5 ) r  
3 ~ 1 1 ( 1 b * 6 . 4 )  s S I Z ( 1 6 * 6 * 4 ) . S I 3 ( 1 6 r 6 r 4  l q S I 4 ( 1 0 , 6 . 4 )  
4 
5 TO 1 1 6 r 6 r 4 )  9ldG(6) *XBDX ( i b , b * 4 )  ,YBOX(Lbs6,4) 9 

j Z B O X ( l b . 6 4 )  TOLAST 
TI = (AN~XIO/SJ~(K,I.N) r1.0) - 1.0 )*EEF(I, 
T 2  = I P ~ ~ \ X I ( T / S J ~ ( K ~ I I N ~ I . O )  - I .O)*EEF(Z,~:  
1 3  = ( A n A X l ( T / S J 3 l K r L r Y ) r i . 0 )  - l.O)*EEF[3,1) 
1 4  = ~~~AX1tT/SJIItKrI,N)rl.D) - i.O)*EEFt4.1) 
Y = C K ( I ) * ( T l  + 1 2  + T 3  + TS)  
V = EXPC-V) 
OP = P S I N F ( 1 )  + ( P S O O 1 I ) - P S I N F ( I ) ) * V  
O P  = OP+PS/PSO 
I F  (DDCOOEII).EQ.Z) GO TO 3 0 0  
I F  (P.LT.OP) GO TO 2 0 0  

1 0 0  JFIR(K, I ,N)  = 1 
RETURN 

2 0 0  P = DP 
RETURN 

3 0 0  I F  IP.GT.DP) GO TD 200 
GO TO 1 0 0  

C 
E NO 

O I F F L  



SUBRJUTINE DRAGL (ALFW4r CPJ 
C DRAG PHASE LOADING ON CLOSEO* RECTANGUAR STRUZTURE. 

DATA P I i / 1 . 8 3 2 5 9 5 7 1 5 /  
I F  (ACPHA.LT.PI1) G3 T 3  1 0 0  
CP = -0.S 
GO T3 2 0 0  

1 0 0  CP = 0.85*COS(l . l25*kL)HA) 
2 0 0  RETURN 

END 

DRAGL 



TOLAST = 0. 
I F  (I.GT.P1/2. - 1.E-6) GO TO 4 0 0  
I F  (k.LT.-PI/2. + 1.E-6) GO TO 1 0 0 0  
KO = X B O X I I  1.11 + 1000. 
TANA = T A N ~ A )  
T I  = I./ (TANA**2 + 1. 0) 
D n I N  = 1.ElO 
DO 2 0 0  N=I.NBOX 
DO 2 0 0  I=1.6 
NPSS = NPS(1.N) 
I F  (NPSS.EQ.0) GO TO 2 0 0  
0 0  1 0 0  K=I.NPSS 
T z ( (XO - XBOX(K* I ,N) ) *TANA + ZBOX ( K t 1  
OS = (XBOX(K,I.NI - KO + TCTANA)++Z + ( 
T D ( K  I s N I  = OS 
IF (!IS.LT.OMIN) OMIN = os  
CONTI NUE 
CONTI  NJE 
D M I N  = SQRT(DM1N) 
TA = OI(IN/VS 
DO 3 5 0  N=I,NBOX 
DO 3 5 0  I=1,6 
NPSS = N P S I I  N) 
I F  INPSS.EQ.~) GO TO 3 5 0  
DO 3 0 0  K=i.NPSS 
T D l K  1.N) = SQRT(TO(K.I ,N))/VS - TA 
IF OD(K.I.N) .GT.TOLUSTI TDLAST = T D (  K, 
I F  (KDEBUG.EQ.0) GO T'O 3 0 0  
I F  (TO(K.I.N).EC.O.O) P P I T E  ( 6 ~ 2 0 0 0 )  N t  
CONTI NLIE 
CONTI NU€ 
GO TO 9 0 0  

k ,. FRONT OF TRUCK. 

D M I N  = -1.EiO 
0 0  5 0 0  N = l t N B O X  
I F  (NPS(3,N).EQ.O) GO TD 5 0 0  
I F  (ZBON (ir3.N).GT.OI4IN) DMIN = ZBOX(1t  
CONTI NUE 
DO 8 0  0 N=l.NBOX 
0 0  8 0 0  I = 1 . 6  
NPSS = N P S ( 1  N) 
I F  INPSS.EQ.!J GO TO 8 0 0  
DO 7 0  0 K=l.NPSS 
T D l K  1.N) = ABS(ZJOX(KI I *N)  - D M I N I / V S  
IF OO(K,I,N).GT.TOL~STI TOLAST = TD(K. 
I F  (KOEBUG.EQ.0) GO TO 7 0 0  
I F ( T D ( Y r I r N )  eEQ.O.0) I (R ITE(6 ,2000)  N.1 
CONTI  NJE 
CONTI  NUE 
I F  (KDEBUG.EQ.0) RETURN 
WRITE (6 ,2100)  
DO 9 5 0  N=I,NBOX 
OD 9 5 0  I = l r 6  
NPSS = N P S l I  N) 
I F  (NPSS.EP.!I GO TO 9 5 0  
WRITE ( 6 , 2 2 0 0 1  N , I ~ ( T O ( K I I . N ) . K = ~ ~ N P S  9 
CONTINUE 
RETURN 



C ,. R E P R  3F TRUCK. 

ti 
2 0 0 0  FO?MPr ( 3 2 H  POINT INTERCEPTED AT T IME ZERO 3 1 4 )  
2 1 0 0  FOPM4 l (i2HOOELAY T I i i E 3 )  
2 2 0 0  FOiM4 1 ( 2 1 3 . 8 E i S . b / b X r 3 E i S . 6 )  

END 

ENGULF 



SUBR3UTINE EULERIOE LTATI  
C  
C COYPUTE EULER ANGLES. 
C  
C 
C O E L T i T  = T I M E  STEP INCIEMENT. 
C  
C 
c 

OUTPUT - - 
C ROLL = EULER ROLL ANGLE. 
c PITC~ = EULER PITCH ANGLE. 
C  YAW = EULER YhW ANGLE. 
C  ROLL3 = EULER ROLL R9TE. (0-ROLL/D-T) 
C P I T C H 0  = EULER PITCH 34TE. (0 -P ITCHID-T)  c YAY0 = EULER YPW RATE. 13-VAH/D-T) 
l, 

COMMON/CALC/ BETA EJ.3) * C R I T ( 5 )  ~DCG~DCGO~OOMIU.DVEL.  
1 F4 ERO(50)  FORCE(50 ) r  G E N A C C ( 5 0 ) r t E N O I S l 5 0 )  GENVEL(50)  ,KT13EI 
? P I T ~ H I P T R ~ A L ( ~ I  RELL T IME T H I N  X B A R C N I ~ . I S ) , Y ~ W  .. COHMON/EULC/ P D S ~ ~ V ~ P S ~ V , R D S A V ; R S A V ,  YOSAY.  V S A Y  

L. 
COSTY E=COS(YSAV) 
S I N T H E = S I N ( Y S A V I  
COSPHI=COS(PSAV - S I N P H I = S I N ( P S A V  

k ,- ROLL. PITCH. YAW SATES. 

1: ,. COMPJTE ROLL. P IT3H.  Y9W EULER hNGLES. 
Ir 

ROLL=RSAV +0.5*IROSAV +ROLLO)*OE TAT 
P I T C 4 = P S L V  +o .s+(posnv  +PITCHO)*$ELTAT 
YAW-Y SAY +0.5*(YDSAV +VAYD) *DELTAT 

c - 
R S I V  = ROLL 
PSAV = P I T C H  
YSAV = YAH 
ROSAV =ROLL0 
POSAY = P I T C H 0  
VDSAV =YAW0 - 

C 
RETURN 
E N 0  

EULER 
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vl. ;s 
W .  
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vl -122 =-- 
W 0 -z 
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1 
C 

R E T U i N  
C 

END 

F T I R E S  ( I N D E X )  



SUBRDUTINE F O R C E I ~ F I ~ ~ M . K O O F , I N O E X Y )  
C 
C 
C 

F O R C E I  CALCULATES NDNkACCELERATION I N E R T I A  FORCES FROM 
r: 

AXLE MASSES. - 
COIIMDN/CALC/ BETA 0 . 3 )  C R I T ( 5 )  OCGr OCGO.DDMIH* OVEL 

1 F I E R O ( 5 0 )  FORCE(50) G € N A C C ( S O ~  .GENOIS(~O) G E M $ E L ( ~ O )  SKTIRE. 
2  P,[TCH P T R ~ A L ( ~ )  RUL~.TIME TMIN.XBAlEM(3 3 )  Y&U 

C O M M ~ N / O ~ T A I N /  ~ ~ f l l S S ( t 3 )  . ~ G b 0 ~ 4 3 * 1 3 )  . O A H P F ? ~ ~ ~ )  .DAMPV(bOO). 
1 OiFLr IM ENOTIM.G.GS(21 .ISDAMP(SO) MDIMDPINPOPMP(~O) SLOPE 
Z  X:tYZ ~ f l ( 1 3 )  X 1 2 ( t 3 )  X I 3 C 1 3 )  D E L ~ X  O E L T X i  DPRT D P R ~ ~  E N D ~ X  

COMMI>N/~PTION/ !OPT JGRIPH.KAXLB(~ )  K ~ X L E S  ~ 4 0 ;  K~AM,KE&R~KG~I?I 
1 KI~UIR~,KRPICKSI K R ~ ~ I D ,  K S H E L T ~ K W  IR~S,MASS~S,  ML~~F,MSPRNG. 
2  NI~SPR(6)rNCALL,NCASE.NJOBtNOUT.NPRINT.NRSPR(3)rNSPRNGrNTRIAL. 
3 XISOGIE(2) IOD(4O) 

I: 
DIMEl lS ION ~111) - 
FI~JIIXMJ,XLJ.YLJ.ZLJ, GCOOTJ ) = I( M J *  (GENVEL(1) *GENVEL(Z)-YLJ 

i 
2 

'(GENVEL (I) '*Z+GENVEL (41**2)  
+GENVEL(S)*(KLJ*GENVEL(4)+ZLJ 

3. 
4  

*GENVEL( 1 ) ) + 2 . 0 ' G E N V E L ( l ~ ~ G K O O T J )  
-GENVEL( 4)'GEY V E L ( 6 ) i X M J  

FIPSI :  (J.GDPHI.GDTHET) = ( X I 2  (J) - X I I ( J )  ) * G E N V E L ( b I  
1 * G E N V E L ( S ) - ( X I I ( J )  + X I 3 (  J) - X I 2  (J) 
Z  )*GENVEL(S) +GOPHI 
3  + ( X I 2 ( J )  +X I3 (J )  - X I I ( J )  ) *  

l? 
4  GENVEL(5) *GOTMET 

AXLE CONTRIBUTION. 

0 I N O E X = 1  KAXLES 
=FI ( I)+ ( ~ f  2(M) - X I 1  tM)  +CGMASS tI I) 

*(XBARCM(l. M)**Z-XBARCM(2 M)*+2) ) *GENVEL(S) *GENVEL(5)  
-CGMASS (' l)*XBARCM(2 M ) * X B ~ R C N ( ~ , M )  ' G E N V E L ~  I)+GENVEL(~) 
+Z. OiGENVEL (1) * C G M A ~ S ( M ~  *XBARCM(2 M)*GZNVEL( 6+Z* INOZX)  

= F I ( ~ ) - G E N V E L ( ~ ) * ( G E N V E L ~ ~ ) * C G M ~ S S ~ H ) + ~ . O * C G ~ A S S ~ ~ ~  
*GENVEL(b+2* INOEX))  
+GENVEL(5be ENVEL(b) *CGMASS t N )  

= F I ( 3 ) + G E N V E L t l ) * G E N V E L ( 2 ~ * C G M A S S ~ M )  
-GENVEL (4 tCG€NVEL (b)*CGMASS t M )  

5 F I ( 4 ) + C G I I P I S S ( M ) * X B A R C M ( 2 . M ) * X B A R C M ( 3  H1*(GENVEL(1) * *2  
- G E N V E L ( S ) * * Z ) + ( X I 3 ( M )  - X I Z ( M )  + C G ~ L S S ( M )  
* ( X B I R C M ( 2 * M l  **2-XBARCn(3,Ml**2 J) 'GENVEL[ l ) *GENVEL(51 
+2.O*GENVEL(4') *CGMASS(M) *XBARCN(Z ,N) *GENUEL(6+2* INDEX)  
+GENVEL (5)'GFNVEL ( 5 + 2 * I N O E X ) *  ( X I l ( M ) + X I 3 ( M ) - X I Z  

= F I ( S ) + ( X I l ( M )  - X 1 3 ( M )  +CGMASStN)* lXBAR:M~3 M)* *Z  
- X B A R C M ( i , M ) t * Z ~  )+GENVEL( i ) *GEN K L ( c ) + : G ~ ~ A ~ s ( M )  
*XBARCM(P*M)*XBARCU(3 M)*GENVEL (4 ) *GENYEL(S) -Z .O*GENVEL 
+ C G H A S S ( Y ) * X B A R ~ N ( ~ . M ~ G E N V E L  (6+Z* IN)EU)-Z.O*GENVEL(4)  
'CGNASS 04) XBA?CM(i MBwGENVEL (6+2* INDEX)-GENVEL ( 4 )  
'GENVEL ( ~ + ~ ' I N J E K ) * ~ x I Z ~ M ~ + X I ~ ( M ) - K I ~  ( 4 ) )  

= F I ( 6 )  +GENVEL(4)* (GENVEL(3J*CGMASS(M)  +Z.O*CGMASStM) 
* G E N V E L ~ 6 + 2 * I N D E X ) ) - G E N V f L ( 5 ) * G E N V E L ( Z ) ' ~ G N A S S ~ M l  

153 
FORCEI 



FI(5+2'INDEX)=FIPSI(HrO.OrO.O) 
F I ~ ~ + ~ * I N D E X ) = F I ~ J ~ C G ~ ~ S S ( M ) ~ X B A R C M I ~ ~ ~ ) ~ X B A ? C M ~ Z ~ M ) ~  

1 XBARCMl3.M) 90 .0 )  
1 0 0  n = n + l  
2 0 0  KDOF = 7 + 2*KAXLES 

INDEX Y=KDOF+Z 



SUBROUTINE FSFRNGCFWIRE) 
C 
!2 COMPIJTE SPRING FORCES. 
k OUTPIJ T - 
5 FWIRIE = SPRING GENERALIZED FORCES. 

COHMllNICALC/ BETA (3.3) C R I T ( 5 )  ~ D C G ~ D C G O ~ D D H I ~ ~ O V E L ~  
1 F I ~ E R O ( ~ ~ ) ~ F O R : E ( S O  ) r ~ t ! ~ ~ ~ ~ ( 5 0 )  .GENOIS(~O) GENVEL(50)  .KTIRE. 
2 PI[ TSH P T R I A L ( 5 )  RULLI TIHE,TMIN~xBARcH(~.~!), Y A W  

COHHI~NIC~ECK/ JDEQUG 
aOMHl)NIDATAIN/ CGMASS(13) .CGPOS(3,13) tDAMPF(bO0) OAHPV(600),  

1 D I ~ L T I M r E N O T I H t G ~ G S ( 2 l r  ISOAHP(5Ol  M ~ I ~ O P , N P D A Y ~ ( ~ O ) . S L O P E  
2 XI[YZ X I 1 ( 1 3 ) r X I 2 ( 1 3 )  ~ 1 3 ( 1 3 )  ~ O E L ~ X ~ D E L T X ~ ~ O ~ R T ~ ~ P R T ~ ~ E N ~ ~ X  

C D H M I I N / ~ E L T A S /  O X S P ( ~ O ~ ~  
COH#lN/DIWENS/ MAUDOFtYAXHAStHAXSP. HRDIH 
COHHONIFSPDIH/ FORC (1'00) .V ( lOO)  
COHHLIN XLAHDA(100 44)' 
COHMON/OPTION/ I O ~ T  JGI&PHIKAXLB(Z I  KAXLES KBO; KOAtl~KERR.KSH1Pl.  

1 K~;HIR~.KRACK$KR~GID .KSHELT,KWIR~S.HASS~!S, HD~F.MSPRNG. 
2 N l iSPR(6)  *NCALL.NCfi.SEsNJOBrNOUT.NPRINT.NRSPR(3) t NSPRNGrNTRIALr 
3 X t lOGIE(2 )  IOD(4O) 

COHHON/SPRIN~/ FOFX ( 6 0 0 )  9 JCURVE(52) .MAXSPR.NPPC(521r  
1 X ( 6 0 O l  

DIHEhl SION FWIRECI )  

COIP3ITE SPRING FORCES. 

TRPNSLFORH 0ISPLACEHEN:TS FROM GENERPLI ZED COOIOINATES 
TO SPRING DEFLE.CTI ONS. 

" 
C A L L  MULT (XLAHOArGENVEL ( 7 )  .V, HAXSP.MAXOOF-6rNSPRNG,HOOF-6.1~ 
CALL MULT (XLbMCAr GENOIS ( 7 )  1DISP,HAXSP1HAUDOF-5r MSPRNG.HOOF-~~ 1) 
I F  (JOEBUG.EQ.2.4ND .NO9T.EQ.O ) WRITE (6,888) (GENDIS(  10). 

1 10.1 MOOF) 
I F  (JIDEBUG.EQ.Z.ANO .N.OUT.EQ.O) WRITE (6.888 1 O I S P ( I 0 ) .  I O = i .  

1 HSP'RNGJ 
" 8 8 8  F O R M  T ( 1 x 9  lOE13.61 
Ir 
C 
C 

INTERPLOATE I N  N3N-LINEPR FORCE-DISPLACEMENT T4BLES. 

DO 50 I N D E X = I  6  
so FWIRE (INOEX)=~.O 

C 
C 
C 

INDEX = SPRING NUMBER. 

I N D E X = I  
C 
C LOOP OVER NON-RACK SPRINGS. 
C 
C AXLE SPRINGS 
C 

N=O 
DO 90 INOEXl=I .KAXLES 

9 0  N=N+NASPR(INOEXI)  
0 0  1 0 0  INOEXL=l.N 
ISTART=JCURVE(INOEX 1) 
NP=NPPS( INOEXl )  
C b L L  I N T l ( 0 I S P ~ I N O E U )  .NP,X(ISTART)*FOFK ( I S T A i T F O R C  ( INDEX)  ) 
NPV=NPDAMP ( INDEX1)  
I S D = I  SDAHPf INOE X l )  
C A L L  I N T l ( V ( 1 N D M )  NPV D P H P V ( I S D ) r D A H P F ~ I S D ) r  FD4MP) 
FORC (INOEXI=FOR: 1 IY D E X )  +FDAHP 
I N D E K = I N D E X + l  
CALL I N T l ( D I S P ( I N O E l 0  * Y P  X(ISTART),FOFX (1STPRT)rFORC ( I N D E X ) )  

. C A L L  I N T I  ( V f I N D E K )  N P V ~ O ~ H P V ( I S O ) ~ D A H P F ( I S D ) ,  F ~ A M P )  
FORC (INOEX)=FORC 1 1 ~ 0 : ~ )  ~ F O A H P  
I N O E U = I N O E X + I  

.. 1 0 0  CONTINUE 

k 
C 

3 0 G I E  SPRINGS. 



ti 
E AVERhGE VELOCITY 
b 

VOAHP=O.5+(V(INDEIo +V' ( INDEX+Z))  
I S D = I  SDAHP(INOEXl*N)  
NPV=NPDbHP(INOEXl+N) - C A L L  INT1~VOAMPINPV . D A H P V ( I S D ) t D A M P F ( I S O ) r F D b , H a )  

L 

E AVERLGE DEFLECTION. 
t, 

DEFLEC-0. S + ( O I S P ( I N D E X ) + D I S P ( I N O E X + 2 ) )  
ISTAZT=JCURVE(INDEXI+N) 
NP=NPP:( I N D E X l + N )  
C A L L  INTl(0EFLEC.NP.X ( I S T A R T )  .FOFX(ISTART) S F )  
FORC (INDEX)=O. 5 + ( F  W 0 9 H P l  

,. FORC (INOEX+Z)=FORC ('INDEX) 

C RIGHT 9 I N O  S I D E  
Li 

I N D E X = I N D E X + l  
VDIHP=0.5+(V( INOEXI  + V ( I N D E X + Z ) )  
C A L L  INT1(VOAHPINPV OAqPV ( I S D ) ~ D A M P F ( I S D ) t F D ~ M ? )  
O E F L E C = O . ~ * ( D I S P ( I N ~ X )  + D I S P ( I N D E X + Z J  ) 
C A L L  INTl(0EFLEC.NP.W ( ISTART),FOFX(ISTART) IF) 
FORC ( INDEX)=0.5*(F+F04NP) 
FORC (INOEX+Z)=FORC ( I Y D E X )  

1 1 0  INOEK=INDEX+3 . 
C 
C INDEX NOW POINTS TO NEXT S P 7 I N G  I N  TABLE. 
C  SET UP SHELTER AND GUY WIRES. 
C  ,. 
I, 

G SHELTER SPRINGS. 
IF(KSHELT+KHIRES.EQ.R) GO T3 1 5 0  
K=KSHELT+KWIRES 
INDEX 1=2'KBOG+I 
DO 1 2 5  INDEXZ=l.KAXLES 
I N O E X l = I N D E X l + N A S P R  ( INDEX 2) 
DO 1 4 0  J-1 K I~TART=JCUAVE( INDEX~)  
NP=NPP:(INDEXI) 
C A L L  I N T I ( D I S P ( I N D E X )  *NP.X( ISTARf  
NPV=3P3AHP( INDEXl )  
I S D = I S o I H P ( I N O E X t )  
CALL  I N T l ( V ~ I N O E I 0 ~  hPV O A H P V ( I S 0 )  
FORC IINDEX)=FORC (INO€X)+FOAMP 

. FORC ( I N D E X ) )  

IAIIP) 

I, c RIGHT HAND SIDE. 
C 

I N D E X = I N D E X + I  
C A L L  I N T I ( D I S P ( I N D E X ) ,  NP.X(ISTPRT) FOFX ( I S T & ? T J  FORC ( I N D E X ) )  
C I L L  INTI(V(INOEX) r ~ ~ ~ z ~ ~ ~ ~ ~  (ISD)*L?IHPF ( ISO) ,FO~MP)  
FORC ( I N D E X ) = F O G  I I N D r X ) + F D A U P  

I N D E X = I N D E X + 1  
1 4 0  INDEX I = I N O E X I + l  

ti 
C N  = LAST L E F T  SIDE SPRING NUHBEI. 
C  

1 5 0  N=INDEX/Z-KBOG 
C c SET UP RACKS - LEFT S I D E  F IQST.  
ti 

I F  (KRPCKS.EQ.0) 2 0  TO b 0 0  
N = N + l  
DO 2 0 0  INDEXI=N.NSPRNG 
I S T A ? T = J C U R V E ( I N O I K l )  
NP=NPPC( INDEXlJ  
C A L L  I N T I ( D I S P ( I N 0 E X )  ,NP*X(ISTART),FOFX ( ISTPRT) 1 FORC ( INDEK)  I 
NPV=NPDAMPI I N D E X i )  
ISO=ISCIAHP( INDEX1)  



C A L L  t N l l ( V ( I N 0 M ) r  NPVrDAMPV ( I S 0 1  .OAMPF (1SD) rFDAMPI  
FORC (INOEX)=FORC (INDEX)+FOAMP 

_ 2 0 0  I N D E K = I N O E X + I  
C c RIGHT HAND S I O E  
L; 

DO 3011 INOEXl=N.NSPRNG 
I S T A R T = J C U R V E l I N D E X l t  
NP=NPl 'C(INDEXi) 
CALL : [NT i (D ISP( INDEX)  ,NPrX( ISTART)  r F O M  ( ISTPRT)  SFORC ( INDEX) I 
NPV=N IyDAMP( I N O E  X i )  
ISD=I ! iDAMP( INOEXl )  
CPLL  I [ N T i ( V ( I N O E I )  r4P.VrDAMPV tISO).DAMPF I I S 3 ) . F 3 4 3 P )  
FORC I[INOEX)=FORC ( INDEX )+FOAF(P 

- 3 0 0  INDEK:: INDEX+I 
L. 

C 
c TRNSFOPM BACK TO G E M R 4 L I Z E O  COORDINATES. 
I. 

4 0 0  C A L L  W L T  (FORC XLPHDA FWIRE(7)  1 MAXSP 1 NSPiNG HOOF-61 
I F  (J[IEBUG.EP.Z.~NO.NOUC. EP- 0) Y&I+E (6.888) (FORE (10) , IO=i.  

1 MSPF!NG) 
P 

I F  (J[IEBUG-EQ.2.AND.NOUT. EQ.0) YRITE(6.888)  ( F I I R E I I O ) .  IO=l.M03F) 
" 
C JOB C [INPLETE - 
r: - 

RETURN 
C 

END 



SUBROUTINE GEOM - 
C 
C SUBRDUTINE GEOM READS SHELTFR-TRUCK GEOMET31 
C ,. DATA AN0 I N I T I A L  CONDITIONS. 
L, 

COMMON/CALC/ BET4 ( 3  3 )  C R I T ( 5 )  DCG. CCGOID) ' I I~~  DUEL. 
1 FAERO(50)  F O R C E ( ~ O ~ . G ~ ? N A C C ( ~ O ~  .GENOI ~ ( 5 0 )  GENUEL(50)  * K T I Q E t  
2 PIT:H P T R ~ A L I S ~ . ? ~ L L ~ T I H E ~ T U I N I X B A R C M ( ~ ~  l ! 5 t t  Y A W  

c o n n o ~ / c t /  ) ( C ~ . Y ~ G , Z C G  
COMMDNlCHECKl JOEBUG 
COUMON/DATAIN/ CCMASS(l3) CGPOSI3 1 3 )  OAMPF1600) OAMPV(600)r  

1 OELTIM,ENDTIM~G.GS(~) . ~ s D A M P ( ~ ~ )  . ~ ~ I M D P , N P ~ ~ M ~ ~ ~ ~ ~ . ~ L ~ P E .  
2 X I Y Z  X I i ( i 3 )  * X I 2  (1'3) X I 3 ( 1 3 )  tDELTXrDELTX1. DPRTtOPRT1.ENOTX 

COUMDNI~IMENS/ PAXOOF M~XMAS.MAXSP.MROIM 
COMMON/OPTION/ IOPT J ~ S A P H * K A X L B ( Z )  K M L E S  KBOG.<DAM KERRIKGWI?~. 

1 K ~ Y I R Z . K R A C U S . ~ ( R ~ ~ I D ~ K S H E L T  KUIP~S  ASSES M ~ ~ O F . M S ~ R N G .  
2 N A S P R ( ~ ) . N C A L L ~ N C A S E . N J O B ~ N ~ U T * N P R ~ N T . N R S ~ R (  3 )  ~NSPRNG.NTPIAL~ 
3 X B O G I E t 2 )  I D C ( 4 0 )  

~ O M M ~ N / P R E L O ~ /  PRELOD 14) 
aOUMON / T I R E C /  CN C T - N T I R E S ( 6 ) t N T S P R N r R W v T L X ( 3 . 6 )  r T L Y ( 6 )  9TLZ16)  .U 
COUMDN/WEIGHT/ W E ~ G . ( ~ ~ H G T S (  13 )  

C 
?. 
U 

READ (5.14) I O P T  
I F  (IOPT.NE.1) WRITE(b.20)  

m 
I F  (IOPT.EQ.1) WRITE (6.21) 

L 
READ( 5.14) KSHELT*KWIRESsKRACKSv KAXLES*KBOG*YRIGIO 

C 
C KSHELT = NUMBER OF SHEiTER ATTACH SPRINGS- 
C ( 0  = R I G I D L Y  MOUNTED.) 
C 
C KWIRES = NUMBER OF GUY H I R E S  (MUST BE 0 I F  KSHELT = 0). 
C 
C KRACKS NUMBER OF RACYS ON L E F T  (PORT) S I D E  OF SHELTER. 
C ( 0  = R I G I D L Y  MOUNTED.) 
C 
C KAKLES = NUMBER OF AXLES ON VEHICLE. 
C 
c KBDG = NUMBER OF BOGIE SPRINGS ON LEFT S I D E  OF TRUCK. 
1; 
C K R I G I D  = R I G 1 0  BODY FLPG. 
C 0 = REGULAR RESPONSE RUN 
C 1 = R I G I D  TRU:K RESPONSE, 3 OOF. 

I F  (KRIGIO.EQ.1) H P I T E  (6 .38)  
C 
C N T I R E S  = NUHBER 3F T IRES ON ONE EN0 OF EACH PXLE. 
C ,. NASPR = NUMBER OF SFRINGS ATTACHING ONE S I D E  OF AXLE TO CHASSIS. 
L, 

READ (5.14)  ( N T I R E S ( I 0 )  I O = 1  KAXLES) 
R E a O t 5  1 4 )  (NASPRt IO)  I~=I.<~XLES) 
I F  (KR~CKS.GT.MRDIM~ ?i0 TO 2 4 0 0  

,. I F  (KRACKS.GT.0 READ ( 5 . 1 4 )  (NRSPR( I0 )  . IQ= I .K?4CKS)  
L 
c NRSPR = NUMBER OF SPRINGS ON EACH RACK. 
C 

I F  (CSHELT.GT.0) Y R I T E  (6 .31 )  KSHELT 
I F  (KSiELT.EQ.0) U R I T E  (6.271 
I F  (KIIRES.GT.0 ) d R I T E ( 6 . 3 2 )  KUIRES 
I F  IKR4CKS.EQ.O) HRIT'E(6.33) 
I F  (KR9CKS.GT.O) WRITE (6.34) KRACKS 
I F  (KR9CKS.GT.O) WRITE (6.35) IIO~NRSFR(IO)rIO=1~KRACKS) 
WRITE ( 6  3 6 )  KAXLES 

.. WRITE ( 6 . 6 )  (1O.NTIRESI IO)  ,NfiSPR(IO) .IO= 1.KAXLES) 
b 

MOOF=6+2*KAXLES+l2'  kQA2KS 
I F  (KSHELT.GT.0) YDOF=YDOF+4 
MSPRNG=2*(KSHELT+KHIRE3*KBOG) 
DO 11 3 I N D E X = I .  KAXL ES 

1 1 3  USPRNG=MSPRNG+2WASPR( INDEX)  
IF(K3I;IO.EQ.l) UJOF=3 
1FIKPIGID.EQ.  1) MSPRffi=O 
I F  (KR4CKS.EQ.O) ;O TO 1 1 7  



L. 

C - SAVE 1:NDEX FOR TIRE-SP?ING DATA. 

k STRUC I'JRE. 
C 
E MASS Cl4TA. 
b 

HASSE S=l tKAXLES+KRACYS 
I F  (K5;HELT.GT. 0) HASSES=HASSES+l - I F  (KRIGIO.EQ.1) 'iPSSES=l 

k DIHENSION CHECKS - SET UP ON VARIABLE 
C 
!? DIHEN5:IONS. +*+*" 

b 

C 
C 

STRUCTURE MASS AH0 POSITION. 
" 

0 0  12C I N D E X = 1  MASSES 
1 2 0  READ( 5.4) CGMA$S(INL€ X) ~CGPDS(I.INOEX)~CGPOS(~,INDEXI, ,. 1 CGPOS (3. INDEX)  

i C a t .  CALCULATIONS. 
C 

CALL C,;CALC 
C 
!? XBARC EI=POSITIDN 0; *ASS W.R.T. C.G. 
ti 

0 0  125; INOEX=l,MASSES 
X B A R ~ t I ( l . I N O E X ) = C G P O S ( L . I N O E X ) - X C G  
XBARC tI(2, INDEX1 =CGPOS( 2. INOEX)  -VCG 
XBARC t l (3. INOEX) =CGPOS(3. INDEX)  -ZCG 

- 125  WRITE (6.3) INDEX. ( XBARCtl( IO*INDEX) .IC?1.3) 

Yj 
l! 

I N E R T I P  DATA. - 
REAO (5.4) X I Y Z  
W R I T E ( 6  11) X I Y Z  
DO 1 3 0  f~ =i MASSES 

R E L D ( S I ~ !  X I L ( I K ) . X I 2 ( 1 K ) . X I 3 ( I K )  
Yf i . ITE(6.16)  X I I ( I K ) . X I 2 ( I K ) . K I 3 ( I K )  

P 
1 3 0  CONTI hIUE " 

c TAKE CARE OF RHS RAZKS. 

J = J + i  
1 3 2  INDEK =: INOEX+l  
1 3 4  CONTI hlUE 

2OHPIIl'E LAMBOA MATRIX. 
C 

CALL LAMBOA 
I F  (KE'RR-GT. 0 )  RETUiN 



C 
!2 DAMP1 NC, AN0 STIFFNESS. 
L. 

I F  (KAXLES.EQ.1) G O  TO 1 8 5  
I F  (KWIRES.EQ.0) GO TO 1 4 0  
KG = KGWIR2 - K G K I I l  +I 
REPD (5.4) 1PRELOO(IO) .  I O = l . K G I  
WRITE ( 6 9 6 )  ( P R E L O O ( I W I ~ I O = I . K G )  

1 4 0  CONTINUE 

E - NON-LINEAR OAMPING CURVES. 

b 

1 8 0  CONTI N9E 
C 
C T I R E  DAMPING COEFFICIEYTS. 
C 

1 8 5  RELO 15.4) CNICT 
WRITE (6 .8)  CN.CT 

C 
C REbO NON-LINEAR SPRING FORCE-DISPLACEMENT CUIVES. 
C SET SLOPES FOR TRIM PR3CEDURE. 
C 

C A L L  INPSPR 
I F  1KERR.GT.O) REIURN 

C 
C ,- GROUND SLOPE AND GR4VITY. FPONT HHEEL/SURFPCE SONTACT POINT. 
L1 

1 9 0  REPD(5.C) RHvU.G 
H R I T E  I b r l O )  RWIU G 
READ(5 4 )  G S ( 1 )  t S ( 2 )  SLOPE ,. URITE (6.37) G S ( ~ ) , G S ( ~ I . S L O P E  

L 
c SET U P  WEIGHT TABLE FOR USE I N  GRAVITY CALCULATIONS. 

ti 
C T I M E  L I M I T *  CYCLE TIME. P R I N T  FREQUENCY. 
l, 

REP0 (5.4) ENOTIH.DELTIM.FLAG 
JDEBU G=FLAG 
WRITE I b r 1 2 )  ENOTIN D E L T I M  
 READ(^ 1 4 )  NPRINT J ~ R A P H  
IF(NPR~NT.EQ. 01 W ~ I T E ( ~ ~  39) 

,- IF(NPRINT.GT.0) W?ITE ( i e 4 0 )  NPRINT 
L1 

DELTC = D E L T I M  
ENDTK = 0.03 
D E L T I H  = AMIN1(0.00015rDELTX) 
D E L T K l  = D E L T I M  
WRITE ( 6  4 1 )  DELTIM E N I T X  
ENDTK = ENDTX - ~ . ~ ~ O E L T I M  
E N D T I H  = ENDTIM - O.5'DELTIM 
OPRTL = FLOAT(NpRINT)+9ELTX 



3 FORI4LT ( 8 H  INDEX = s I 3 , 2 5 H  VECTOR FROM CG TO Y A j S  =*3E20.6) 
4 FORIIAT (6F12.1) 
5 FORIIAT (22HOAXLE T I R F S  SPRINGS* /  ( I 5  I 6 * I B ) l  
6 FORIlRT( 23HOPRELOAO I N  GUY WIRES =,?2~,5t13.5,/, ( iX . iOE13.5 ) )  
7 FORIILT ( 7HOSPRINGI3.12X. I H V * 1 3 X r  l H F /  
1 ( I L Z X , I 3 * I X  2E i4 .b ) )  

8 FORllPT ( ~ ~ H O ~ I R E  D A W I Y G  COEFFICIENTS/13H NOlMAL 1 1311 TANGENTIALEIS. 6 )  E15.6/ 
9 FOPt14T ( / / 4 0 X * 2 8 H  DATA FOR NON-LINEAR DAMPIN;) 

1 0  FORIIAT ( IBHORADIUS OF MHEEL =rE13.515X. 
1 
2 

3 4 H  C0EFFI: IENT OF S L I D I N G  F R I C T I O N  =.E13.5,5X, 
i O H  GRLVITY = E13.S) 

11 FORkIiT ( 1 4 H O I N E R T I A  d ~ r ~  ,//,9H X I Y Z  = ,E13.5,// 
1 .9H I N E R T I A  ~ X ~ ~ H X I ~ ~ ~ O X I ~ H K ~ ~ ~ ~ O X ~ ~ H I ( I ~ )  

1 2  FORFIAT (2WIOPROGRAM &ILL RUN U N T I L  E14.5, 
1 4 0 H  SECONDS OF RESPONSE H A V ~  BEEN :OMPYTEO. /, 2 3 5 H  THE T I H E  I Y T E R V 4 L  BETWEEN STEPS = .EIL.~,~H SECONDS.) 1 4  FORMLT ( 6 1 1 2 )  

1 6  FORPla T (4X, iOEl3.5)  
2 0  FORMLT (ZSHOVEHICLE TY?E - WHEELED.) 
2 1  FORH4T (24HOVEHICLE TY'E - TRACKED.) 
2 7  FORNPT ( 2 5 H  SHELTER R I G I D L Y  MOUNTED.) 
3 1  FORMRT ( 1 9 H  SHELTER MOJNTED ON.J.3.9H SPRINGS.) 
3 2  FORMAT ( 2 2 H  NUMRER OF GUY WIRES = . I31  
3 3  FORM4T ( 2 3 H  RACKS R I G I J L V  MOUNTED.) 
34 FORM4T (IBHONUMBER OF PACKS = . I3 )  
3 5  FORMLT ( 1 2 H  RACK N U H B E l * I 3 , 4 H  HAS.13.9H SPRING:. 
3 6  FORMLT (IOHOTRUC< H A S * I 2 * 7 H  AXLES.) 
3 7  FORHAT(27H GROUND SLOPES ARE GS(1)  = E14.5*5X,8H G S ( 2 )  =vE14.5 

1 r5X.35HTtE  P O S I T I O H  OF THE S L O ~  CHANGE I S  vE14.5) 3 8  FOPMfiT (23HORIGIO RESPOYSE. 3 OOF.) 
39 FORMtT (52HONO TIME HISTORY PRINTOUT. SUMMARY INFORflATICN ONLY.) 
4 0  FOPHAT ( 3 4 H  PRINT T I N E  HISTORY RESPONSE EVERV.15.7H STEPS.) 
4 1  FORMPT (28HOA SFECIAL T I M E  INTERVAL OF Ei2.5.23r l  SECONOS I S  USED U 

l N T I L  E12.5.9H SECONDS.) 

WRIT: (6  2 1 0 9 )  
F O R H I ~ T ( ~ ~ H  DIMENSION OYERFLOU - DOF. (GEOMI 1 
KERR = 3 
RETUI? N 
WRITlf (6 .2209)  
FORMl lT(45H NUMBER OF S'RINGS OVERFLOW - I N  CEO*. (GEOM)) 
KERR = 3 
RETURN 
WRITE(6.2309)  
FORMI\ T ( Z Z H  MASS O V E ~ F L O W .  (GEOM) ) 
KERR = 3 
RETU.? N 
WRITE (6 .2409)  
FORMfirT(32H RACK DIMENSION OVERFLOW. (GEOMl) 
KERR = 3 
RETUjlN 
WRITE (6 .2509)  
FORMllT (42HODIMENSION OVERFLOW - DAMPING DLTb. (GEOH 1 )  
KERR = 3 
RETUU!N 

- 
END 



SUBRDUTINE GRAV(BETAiFGRAV1 
C 

E SUBROUTINE GRAV CAL2UL4TES GENERALIZED GRAVITATIONAL FORCES. 
C 
C *I,** * C * * +  

g I N P U T  - 
C BETA = TRANSFORMATION Y4TRIX.  
C 
C OUTPUT - 
C - FGRAV = GRAVITATIONAL GENERALIZED FORCE. 
I2 

COtlMON/OPTION/ IOPT*  JGRAPH. K A X L B ( 2 I  KAXLESIKBO;~ KDAM.KERR*KGWI31s 
I KGWIRZ KRACKS <RIGIO,KSHELT KYIR~!S HASSES HDDF.HSPRNG. 
2 NIISPR(~) N C A L ~ , N C P . S E * N J O B ~ N ~ U T ~ N P R ~ N T ~ Y R S ~ R ~ ~ )  9 NSPRNGINTRIAL~ 
3 XBOGIE(ZI.IDD(COI 

- COt4HON/UEIGHT/ HEIG hT. WGTS( 1 3 1  
ti .. DIHENSION B E T A ( 3 r 3 ) r F G I P V ( I l  
b 

A i =0 .0  
FGRhY ( 2 1  =WEIGHT*jETA (2.1) 
FGQAY ( 3 1  =WEIGHT*BETA(Z.21 
I F  (tlASSES.EQ.11 RETURY 
FGSAV ( 4 1  z0.0 
FGRAY(5)  =0.0 
FGRAY ( 6 1  =MEIGHT*BET A t  2 r  3 )  
FGRAV ( 7 1  =O. 0 
F G R A V f 8 1 = W G T S l 2 l * ~ E T A  ( 2 9 2 1  
FGRAV 191-0.0 
FGPAY ( lO)=WGTS(3 lCBETA(2 .2 )  " - ,. 

b 
I F  (CAXLES.LE.21 GO l.0 1 0 0  
DO 50 INOEX1=3*  KPXL ES 
FGRAV (INDEXI=O.O 
FGRAV ( I N D E X + I ) = % T S l M ~ * B E T A ( 2 , 2 l  
INDEK =INDEX+Z 

5 0  M=M+l  
C 

1 0 0  I F  (KS.IELT.EQ.0) GO F 0  2 0 0  
FGRAV (INOEX)=O.O 
FGRAV<INOEX+l l=HGTS f H l C B E T A 1 2 ~ 2 ~  
FGRAY (INDEX+Z)=O. 0 
FGRAV (I NDEX+31=HGTS(Ml*BETA (2.3) 
INDEK = INDEX+4 

L: 
RETUSN 

C 
END 



SUBROUTINE HYTRUK ( T.RtP.Q,IOPT) 
C 
C 

BLLST 9ATA FOR TRUCK PROGRAM. 

C 
KBLAST - 1. 1 KT 4 1  SEA LEVEL BASE0 ON BRL iEPORT NO. 1889 BY 

C 
N. ETH~IOGEI P- 2$. 

r: - 2. 60 n n i / s .  B Y  N. ETHRIOGE. OCT.. 1976.  

IOPT  1 - GIVEN SHOCK RbOIUS (R) RETURH PE4K PiESSURE I P )  AN0 
PEAK OYNAUIC PRESSURE ( Q )  

I O P T  2 - UUST HAVE CbLLEO , I O P T = l  OR 3 FIRST. ;IVEN TIME. RETUiNS 
PRESSURE (.P) AND OYNAUIC PRESSURE (3 )  

I O P T  3 - GIVEN PEAK OVERPRESSURE (P). RETUiN S43CK RAOIUS (R) 
AND PEAK DYNAMIC PRESSURE ( 1 

FOR IIPTIONS i A M  3. THE OVERPRESSURE YnPuLsE (PIMP)  AN0 THE 
OYIIAMIC PRESSURE- 1WP;ILSE (PIMP) ARE ALSO CPL:ULATE~.! 
PL"0. THE POSITIVE PYPSE OURATION (1). 

FORMI~L  PARAUETER UNITS - R F T  P.PSI. Q.PSI. 
PIUPl) PSI-SEC. QI~P,PSI-SEE. 
LOG-I. OG I NTERPOLfiTIOH. 
ON fl!RST PASS A U  TABLES ARE CONVERTEO TO LOGS. 
PREPbURE TABLES I N  RI, RAOIUS TABLE I N  FT. TIMES I N  SECONDS. 

I F  OTHER U N I T S  bRE USED. C i  AN0 C2 UUST BE CdANGED ACCORDINGLY. 
CONVtIRSIONS - CI(LENGTH) CZ(PRESSURE) 
COMU[)N/BLAST/ AtAOtA'Ol AO2rALT A0 COSPIOELTA~YBLAST,PIMP P?, 

1 PI;.PSOEST PSO.PO ~ 1 ~ 6 . ~ 0  RAN€E.&ANGEM SF(~ ) .S INA.VS.H*~  
OIMEllSION ~ ~ 1 2 7 )  ~ F ' ~ f ( 2 7 )  , c P Z T ( Z ~ )  S C P Q T ( ~ ) )  rTL IT(27)  
OIMEltSION R T l ~ 2 2 ~ ~ P S T 1 ~ 2 2 ~ ~ C P S T 1 ~ 2 2 ~ ~ C P Q T 1 ~ 2 2 ~ ~ T O T 1 ( 2 2 ~  
OIMELISION .RT2(27)*PSP2(Z7).CPST2(27)rCP4T2(27~rTOT2(27) - 
DATA C i / i .  O / r  C2/1. O /  
OATA NT1/22/ r  NT2/21/ 
OATA R T i /  3310.2 2675.0 2270.1 2000 -  1 1800.0 1650.0.1545.0 
i 144.5. o 1370.1.1305.!2 f 1 9 0 . 0 . i ~ i o . o , 9 8 z . o r 8 9 ~ .  o r  799.9.7oo.i. 
2 6 3 0 . 0 . 8 8 0 . 1 , 5 4 2 . 0 ~ 9 0 ~ ~ 9 ~ 4 8 4 . 9 ~ 4 6 2 ~ 0 /  

OATA PSTi/1.5 2.0 2-5.3.0 3-5.4.0 4 . 5 1 5 . 0 1 5 . 5 * 5 . 0 1 7 . 0 * 8 8 0 9  
1 10.0 12.0 12.0,!!0.0 25.d.30.0 36.0 40.0.45.0 50.0/ 

OATA ~b~~l/~.ir3.8r4~~~7.5.05~5-~6.2~6.8r7.3,~.78.8.~~, 
1 9.1 .9.85111.4~12-8r. l5- t 18-  4.21.75.25. .28.3.31.5. 
2 34.9 38.2/ 

OATA ~ b 4 ~ 1 / 5 . 5  6.62 1.7.8.7 9.7 10.65.11.5.12.4.13.2, 
1 13.9.t5.25 i b . r t 5 , ~ 8 . 6 . 2 o . ~ s r ~ 3 . 7 , ~ 8 . ~ . 3 ~ . 9 . 3 7 . 3 , l t ~ . 9 ,  
2 46.5 51-.55.7/ 

OATA ~ 6 ~ 1 / - 4 0 7 9 . 3 7 9  358 -3409.329 .316 .307,.299 .291. 
1 295~.273r.264..2~~~.237r.226r.286r.1b6..166r.185r 
2 .151..150*.152/ 

I: - 
OATA R T 2 / 2 2 4 7 - 3 8 ~ 2 0 4 3 . 9 6 ~ 1 8 8 6 . 4 8 . 1 7 6 1 - 8 1 ~ 1 6 5 0 . 2 6 r i 5 6 4 . 9 6 r  

1 1486.22r1420.6,1361..55 1312.34 1259.84 1177.92r1105.64 
2 lOC3-29r990.81.351.43 408.78t3!4.34*8 d . 8 1 ~ 7 3 8 . 6 7 ~ 7 4 6 . ~ 8 ~ 7 0 7 . 0 1 ~  
3 6 5 9 . 4 4 . 6 0 0 . 3 9 ~ 5 5 4 . 4 6 h . 6 5 , 4 ~ 7 . 8 /  

OATA PST2/3-93-5.4. V.5 95. 5-5.6-16.5 .7..7.5.8.,9.,10.r l i .. iZ.s 
1 13. 14. 15. 16..14.: 20.r$2..25. 30.935. 40..50./ 

OATA E ~ ~ ~ ~ / 4 . 6 2 . r r . 5 ~ 2 . 9 6 , 5 . 3 9 ~ 5 . 3 ~ , 6 . 2 2 , 6 . 5 ~ , 6 . 9 6  7.26,7.62,7.88, 
1 8 ~ 5 ~ 9 ~ 0 4 ~ 9 ~ 5 ~ 1 0 ~ r 1 0 ~ 5 5 ~ 1 1 ~ ~ 1 1 ~ 4 6 ~ 1 2 ~ 0 3 ~ 1 2 ~ 7 6 ~ 1 3 . f 4 ~ 1 4 . 6 2 . 1  f.71, 
2 1 7 - 5 6  19.16 20.85,23-82/ 

ObTA C ~ d ~ 2 / 8 . h . 9 . 2 4  9 . 8 6 ~ 1 0 . 5 3 r 1 0 . 9 3 r 1 1 . 5 1 ~ 1 2 .  12.47 1 2 - 5 5  
1 1 3 ~ 3 6 t l 3 . 6 1 r 1 4 . 2 1 ~ ~ 4 . 9 7 . i 5 - 5 4 r 1 6 . 1 8  1 7 . 1 4 . 1 7 . 8 4 . 1 8 . ~ 5 r 1 8 . ~ 7 r  
2 20.14r21.34*22.39r?4.02r26.9t29.53.&.66.38./ 

OATA TOT2/.383..365 - 3 4 9  - 3 3 6  - 3 2 4  - 3 1 5  - 3 0 3  - 2 9 5  - 2 8 7  -279. 
1 . 2 7 l r . ~ 5 9 ~ . 2 4 7 r . 2 ~ 6 ~ . 2 ~ 7 t t 2 ~ 9 ~ ~ 2 ~ 1 ~ ~ 2 d 5 ~ ~ 1 ~ 9 ~ ~ 1 ~ 6 ~ ~ 1 ~ 9 ~  
2 .171~.160~.147~-135.~.127~.113/ 

O A T A  KBL/ - I /  - 
C 

I F  (KBLAST.EQ.KBL) GO TO 1 0 0  
KBL = KBLAST 
GO TO (20.60). KBLAST 

20 NT = N T I  
0 0  50 I= NT 
R T ( I )  = I f t O G ( R T l ( 1 )  1 
P S T ( I 1  = ALOG(PSTl (1 ) )  
CPSTt I) = ALOG(CPSTl(1))  
CPBT( I) = ALOG(CPIT l (1 ) )  

50 T O T ( I )  = ALOG(TOTl(1))  
G O  TO 1 0 0  



id 

1 0 0  GO TO ( 2 0 0 ~ 3 0 0 . 7 0 0 1 ~  I O P T  
C  
C  .. 3 P l I O N  1. 
I, 

2 0 0  RR = R / ( C l * S F ( I ) )  
R L  = ALOG(RR) 
I F  (RL.LT.RT(NT) .OR.RL.GT.RT( I )  ) GO TO 800  

2 2 0  C A L L  I N T l X  (RL.NT*RT.-JvFRsZ) 
PP = E X P ( P S T ( J )  + F R t ( P S T ( J + I )  - P S T ( J ) I )  
P  = P P * S F ( 3 ) * C 2  

CPS = EKP(CPST(JI  + F R * ( C P S T ( J t I )  - CPST(J )  
X = PP*C2/14.696 
P Q  = (36.74/CZ)*X**2/ (7 .0+X)  
CP2 = EXP(CPQT(J) + F R ' ( C P Q T ( J t 1 1  - CPQT(J)  
TO = EXP(TDT(J1 + F R * ( T O T ( J + l )  - T O T ( J ) ) )  
TS = T I  - I.O/CPS 
TSQ = TO - I.O/CPQ 
P S I  = PP'EXP (-CFS'TS) *CPS 
P O I  = Pa*EXP(-CPZ'TSQ) 'CPQ 
Q = P Q * S F ( 3 ) * C 2  
P I M P  = PP*( I .O-O.S+EKPI-CPS*TSI I /CPS 
P I M P  = PQ*( l .O - 0.5'EKP(-CPQ*TSQ))/CPQ 
P I M P  = P I M P * C Z + S F ( Z ) * S F ( 3 )  
Q I M P  = Q I n P * C Z * S F ( E ) * S F ( 3 )  
T  = TO*SF(Z)  
RETURN 

E 
F 

OPTION 2. 

P  = 0. 
Q  = 0. 
P  = P * S F ( 3 ) * C 2  
Q = P * S F ( 3 ) + C 2  
RETURN 

OPTION 3. 

P P  = P/ (SF (3 )+C2)  
p i  = ALOG(PP) 
I F  (PL .LT .PST(~ I .OR.PL .GTTPST 
CALL I N T I K  (PLINTIPSTI J1 FR.1) 
R  = E X P ( R T ( J )  + F i * ( R T ( J + I )  - 
R = R * S F ( I ) * C I  

C  
8 0 0  WRITE ( 6  2 0 0 0 )  RsRL.RT( l )  rRT(NT)  

IF (RL.L).RT(NT RL = R T ( N T  
I F  (RL.GT.RT(1)) i L  = i T ( 1 )  
RR = E X P t R L )  
R  = R R * C l * S F ( I )  



GO 1 3  2 2 0  
9 0 0  WRITE ( 6 ~ 2 1 0 0 )  P PL,PST(I) .PST(NT) 

IF (PL.LT.PST(I)! PL = PST(I) 
I F  IPL.GT.PST(NT)) PL = P S T t N T )  
PP = EXP(PL) 
P = P P * S F ( ~ ) * C Z '  

- GO TO 7 5 0  
ti 

Z O O 0  FORMLT (30HORANGE OUT! OF BOUNDS I N  HYTRUK 4E15.6f 
1 20H VALUE AT U N I T  USED) 

2 1 0 0  FORMLT (33HOPRESSURE O J T  OF BOUNDS I N  HYTRUK 4E15.6/ 
1 20H VALUE AT L I M I T  USEO) 

END 

HY TRUK 



SUBROUTINE INLOAO 
ZNPUT DATA FOR BLAST L 3 A O I N 5  ON TRUCK-SHELTEI. 
40HMON/BLAST/ A.PDIAOI AO2.ALT A0 COSArOELTA < B L A S T v P I H P  Pi. 

1 P S ~ P S O E S T ~ P S O . P O ~ Q I L ( ~ ~ Q O . R A N ~ E . & A N G E H , S F ( ~ ~ , S I N A , V S , H . ~  
COMHON/CG/ XCG. iCG.ZCG 
COMMON/LOAO/ I \ L ( 6 ) . A b ( 6 ) , C K ( b ) , C P ( b ) r O D C O D E ( 5 t ~  

1 E E F ( 4 r 6 ) r I I S  I S  J F I R ( 1 E  6 4)rKOEBUG,KTS(4) 4B3X. 
2 ~ ~ ~ ( 6 r 4 1 . ~ 1 , k 1 k ~ ( 6 ) r ~ ~ ~ 0 ~ 6 ) ~ ~ ( 1 6 . 6 ~ 4 ) . ~ 1 & ~ 5 ) ,  
3 SIl(16r6r41~SI2(16~6r4)1SI3(16~6r1).SI4(1b~~~4)~ 
C S J l ( 1 b  br 4 ) r S J E ( i b  5.4) S J 3 t i b r b  4 ) * S J 4 ( 1 6 r 5 * 4 ) .  
5 T O ( 1 6  8.4) S H G ( ~ )  r ~ Q O ~ ( i b r 6 r 4 ) , ~ ~ 6 ~ ( 1 6 . 6 r b )  9 
5 ~ 8 0 f ( 1 6 ~ 6 . 4 ) .  TOLAST 

1 FORMAT ( b F i 2 . 1 )  
2  FORMAT ( 6 1 1 2 )  

1 0 5 0  FORMAT (44HONUMBER OF 4EROOYNAMIC BOX CONFIGUR4TIONS = 1 3 )  
1 2 0 0  FORHhT (ZiHOBOX DESIGNATION CODE/16H BOX NO. CODE) 
1 2 5 0  FORFULT ( i X 1 1 6 ~ b X ~ I 2 ~ 3 X r 3 i H B O X  R I G I D L Y  ATTACHED TO VEHICLE) 
1 2 6 0  FORMLT (1X.16 r b X r I 2 r 3 X r 4 5 H B D X  (SHELTER) NOT 2I ; IOLY ATTACHED T3 YE 

I H I C L E )  
1 3 0 0  FORHAT (23HOBOX.FACE.GRIO POINT. X ~ l i X r i H Y ~ 1 C X ~ i M Z r l 2 X ~ 4 H A R E A ~ l 2 X ~  

1 3HS 11 1 2 X r 3 H S I 2  1 2 X v 3 H S I 3  1 2 X r 3 H S I 4 )  
1 4 0 0  FORMAT 1313,4~15.b. 1~.4~15.1!) 

EN0 

I N L 3 A O  



I: 
SUBRDIJTINE INPSPR 

c 
C SUBR31JTINE INFSPR READS I N  SPRING DATA AND SETS UP ARRAYS C 
r! OF l3OTTOMING POSI TI ONS. - 

Eonnoli/eorn/ E X P A N ( . ~ O O )  .NBOTOH ( 1 0 0 )  SBOTM ( l o o )  . V E L ( ~ O O )  40MMD!I/DIMENS/ HAXDOF YAXMAS.MAXSP n ~ b r n  
COMM?M/OPTION/ IOPT. J ~ R A P H ~  KAXLB(  2 1  KAX LES.KB0;. ~OAti.KERR.KGWIR1, 

1 K ~ ~ I I R ~ ~ K R A C K S ~ K R I G I O . K S H E L T ~ < Y I R ~ S  MASSES. MD3F.MSPRNG. 
2 NPSPR(6) N C A L L ~  NCII.SE. N J O B ~ N O U T ~ N P R ~ N  T ~ N R S P R ( ~ J  rNSPRNGrNTRIALr  
3  X ~ O G I E ( Z Z  I D C ( 4 0 )  

CONMO~I/SPRIN~/ FOFX ( 6 0 0 )  vJCURVE(52)  ,MAXSPRI NPP:( 52 ) .  
1 X(t lO0) 

C 
COMHOFI / T I R E C /  C Y . C r . N T I R E S ( 6 ) v N T S P R N r R W r T L X ( 3 . 6 )  t T L Y ( 6 ) . T L Z ( 6 )  ,U 

I P O I N T - 1  .. WRITE ( 6 . 1 7 )  

INCLUDE T I R E  DATA. 

DO 200 I N D E X = i  NTSPRN 
READ (5 1 4 )  ~b 
NPPCI I N D ~ X ) = N P  
IEND= I P O I N T t N P - 1  
I F  (1END.GT.UAXSPI) GO TO 1 0 0 0  
WRITE (6.15) INDEX 

READ (5.4) (X (10)  r F O F X ( I O ) ~ I O ~ I P O ~ ~ T ~  I E N D )  
I O = I P O I N T  
DO 1 8 0  I O l = I . N P  
WRITE (6 .23)  I O l r X ( I O ) r F O F X (  1 0 )  
I O = I D t 1  

JCURUE( INDEX)= IPOINT 
I P O I N T - I E N D t 1  
C ONTI NIJE 

SAVE DI\TP FOR SPRING B3TTOMING <OUTIN€. 

RACK DPTA. 

K=NSP RNG-N 

0 INDEX=N NSPRNG 
RVE ( INDEX; 

( I N D E X I ) = X ( M )  
( I N O E X l t K ) = X ( 3 )  

'P : ( INDEXl tM-1 
( I N D E X I ) = X ( H H )  
( I N O E X I t K ) = K ( M N )  

INFSPR 



4 0 0  INDEX I = I N D E X I + i  
C - RETURN 
L, 

1 0 0 0  WRITE 16.18)  MAXSPR 
KERR = 3 - RETURN 

L 
4 FORMPT l b F 1 Z . l )  

1 4  FORHLT ( 6 1 1 2 )  
1 5  FORMPT (7HOSPRING I 3  1 1 X  I H X I I ~ X  4 H F t X ) )  
1 7  FORMhT I ~ H O ~ ~ O X ~ ~ ~ H O $ T ~  FOR NON-[INEAR SPRINgS- )  
1 8  F O R M P T  ( 1 0 ( 2 ~  +).4aH NJN-LINEAR SPRING D A T A  T A S L E  OVERFLOW. (INPSP 

1 R )  I 
1 1 0 ( 2 H  +),.?OM C3HMON BLOCK SPRIN 
2 1 0 ( 2 H  -) .34t i  MPXSPR = OIHENSION%/F*F~FX AN0 X - r / t  
3 1 0 l 2 H  +).20t l  CURRENT DIMENSION =,I\) 

- 2 3  FORM4 T (12X.  13, lX. 2E14.5)  
ti 

EN0 

I N F S P R  



C 
C 

SUBROUTINE I N T I  I S  A L I N E A R  INTERPOLATION ROUTINE. 

C 
G I Y E l l  P VALUE X t  I N T i  RETURNS THE C O R E S P O N D I K  VALUE I. 

C 
NX = DIUENSION OF X-TA3LE AND Y-TABLE I N  CALLIYG PROGRAM. 

C 
XT = TPBLE OF X-VALUES I N  C A L L I N G  PROGRAM. 

C 
I T  = T48LE OF Y Y P L U E S  I N  CPLLING PROGRAM. 
R = RETURN VALUE I. 

COMMON/CINTI/  I I M A X . I I N T  
DIMELlSION XT(NX).YT(NX) 

r! DATA C/0.1/ - 
I F  ( I - K T ( 1 ) )  1 9 2 

1 R = I T (  ~ ) + ( ( X - X T ~ ~ ~ ) / ( E T ( I ) - X T ( ~ ) ) ) + ( Y T ( ~ ) - Y T ( ~ ) )  
I F  (a  B S ( ( X - X T ( I ) ) / ( X T  (1 ) -XT  (NX))).LT.C) R E T U i N  
I I N T  = I I N T  + 1 
I F  ( I INT.EQ. I Ib IAX+l )  W i I T E  (6.20) 
I F  (1INT.GT.IIMPX) RETJRN 
WRITE (6.8) XtR. 
RETUR N 

( K T (  I ) s I = i * N K )  

2  I F  o f - X T ( N X ) )  4 t10 .3  
3 R = Y T ( N X - l ) + ( ( X - X T ( N X - I ) ) / ( X T ( N X ) - X T ( N X - l ) ) ) * ( Y T ( N X ) - Y T ( N X - l )  ) 

I F  ( & B S ( I N - X T ( N X )  ) / 1 X T ( l ) - X T ( N X ) )  ).LT.C) R- 
I I N T  = I I N T  + 1 

'T3R4 

I F  (I INT.EQ.IIMAX+I) WRITE (6 .20)  
I F  ( I I V T - G T .  I I M P X )  RETJRN 
WRITE ( 6 9 8 )  X.R. ( X T ( I ) . I = i t N X )  
RETURN 

4 DO 5 I = 2  NX 
I F  (K-xT(I)) 7.6.5 

5 CONTINJE 
6 R=Y T( I )  

RETURN 
7 R = Y T ( I - 1 )  + ( X - X T ( 1 - i ) #  * ( Y T t I ) - Y T ( 1 - 1 ) )  / ( X T ( I ) - X T ( I - l ) )  

RETURN 
8 FORM4 T ( 9 H  X-VfiLUE EY+.5/35H OUTSIDE TABLE. Y-VALUE RETURNE3 = E l 4  

1.5/10H X-TABLE =/(6Ei14.5) 
9  R = I T (  11 

RETURN 
1 0  R = I T ( N K )  

R E T U i N  
C 

20 FDRMLT (58HO*********W4RNING - SUBSEQUENT HESS4GES SUPPRESSED I N  I 
I N T I )  

END 

I N T l  



SUBROUTINE I N T t X  (X NX XT J FR Kt 
c SPECIAL i DIMENSION~L ~ N T ~ R ~ O L A T I O N  ROUTINE. 
C X - I N P U T  VARIABLE. 
C NX - NUMBER OF TABLE EYTRIES-  
C XT - T4BLE OF X 
C J - LOYER INDEX I N  TABLE WHICH BRACKETS X. 

E F R  - FRACTION OF DISTANCE BETWEEN J AND J + l  E N l I I E S .  
K - COOE 

C ir TABLE I N  4S:EN)ING ORDER- 
c_ 2, TABLE I N  OESCENOING ORDER. 
b 

DIMENSION X T ( 1 )  
CK = 1. 
I F  (K.EQ.2) CK = -1. 



- SUBRClUrINE LAMBDA 
k 
C SUBRCIUTINE LAMBDA CALCULATES UATRIX OF SPRING DISPLACEHENTS 

DUE: TO GENERALIZED 0ISPLA:EHENTS. 

I F  (KAXLES.EQ.1) GO TO 
NOOF= HOOF-6 
DO 50 INDEX=lrNDOF 
0 0  50 I N O E X I = i  MSPRNG 

5 0  XLAHOA~INDEXI.INDEX~=O. 
IDOF= 1 
UGYIR1=0 
KGWIRZ=O 

u 

!i LOOP OVER AXLE SPRINGS. 
I, 

WRITE 16.6) 
INDEX-1  
1 0 5 1  
DO 75 I D U M = i  KAXLES 
N=NASPR(IDUM~ 
I F  (N.Ea.0) GO TO 7 5  
DO 70  I D U H l = I . N  
READ(5.1) RLKIRLYsRLZ.SLX.SLYISLZ 
YRITE (6.2) IO .RLK.RLYr lLZ .SLX,SLY*SLZ - I O = I O + i  

8 ,. RIGHT HAND SIDE. 

,. SAVE T IRE DATA. 
Ir 

DO 10  0 IDUM=I.KAXLES 
READ (5.1) TLVB tTLZB  
NTT=N TIRES(1DUM) 
READ( 5.1) (TLX INT* IOUMI ,NT=i,NTTI 
OD 80 N T Z ~ S N T T  
YRITE ( 6  7 )  TLX (NTs IDUH)STLYBSTLZB  
T L K ( W T ~ I ~ U M )  = T L X ~ N T ~ I D U M )  - X C G  
I F  (NT-GT-1)  GO TO 80 
TLY (I OUU) = TLVB-YCG 
T L Z U  oun) = TLZB - Z C G  

8 0  H R I T E ( 6  8 )  T L X ( M ~ I O U M ~ r T L V ~ I O U M ~ r T L Z t I O U n ~  - 1 0 0  CDNTI  NU^ 
k BOGIE SPRINGS. 
C 

IF(KBOC.EQ.0) GO TO 1 2 0  
WRITE (6,121 



DO 1 1 2  IOUH=lsKBO; 
READ(5 9) KAXLB(1DUH) * X B O G I E ( I D U H )  
IF(K~,x~B(I~uH).G~.O .bN3.KAXLe(IDUM) .LT. KAXLES) t3 TO 1 1 0  
U R I T E  ( 6  1 0 )  K A X L B ( I 0 U H l  ,XBOGIE(IDUM) 
KERR = 3 

,. RETURN 
I, 

1 1 0  URITE (6 .11)  I O ~ K 4 X L B ( I D U M ) . X B O G I E ( I O U H )  
- 1 1 2  I 0  = 19 + 1 
L 

E SET UP LAMBDA FOR BOGIE SPRINGS. 
I, 

0 0  1 1 5  IOUH=l.KBO; 
J=KAXLB( IOUM)  
I D O F =  2 * J - 1  

E AXLE A. 

b 

c R I G H I  HANO SIDE. 

E AXLE 8. 
C  
C  ,. T L Z l .  0. A=0 .O, %=I. 0  
L, 

XLAHD A( INOEX9100F+2)  = - S L X A  
- X L A f l D A ( I N O E X . I D O F t 3 ~ = - 1 . 0  
E ,. RIGHT HANO S I O E  
b 

XLAHDA( INOEX+l r  I D O F + 2 ) =  SLXb 
XLAHDA(INOEXt1.IDOF +3)=-1.0 

.. 1 1 5  I N D E X = I N D E X t L  
G 
C  U S 1  = F I R S T  SHELTER OOF ROLL. 
c K S 2  = SECOND SHELTER OIF. HEAVE. 
C  KS3 t THIRD SHELTER DOF PITCH. 
C - K S b  = FOURTH S H K T E R  DO{, FORE AN0 AFT. 
ti 

1 2 0  CONTINJE 
KS1=2 * < A X L E S + l  
KSZ=K S i + i  
K S 3 = K S Z t l  
KS4=KS3+1 
IDOF= K S I - 1  
K=KAX L E S + l  

C  
5' I F  SHELTER I S  R I G I D L Y  ATTACHED9 THEN NU SHELTE? SPRINGS. 

I, 

I: LOOP OVER NUMBER OF SHELTER SPRINGS. 

.Y)  * * 2 + (  SLZ-RLZI " 2 )  



" 
XLAM3A(INDEX KS4)=C 

C ,. RIGHT i A N O  SIDE. 
Ir 

X L P M D A ( I N D E X + l , K S I ) = - X L h M O A ( I N D E X . K S 1 )  
XLAMJ A ( I N D E X + l *  KSZ) = #LAMDA( INDEXIUSZ) 
K L f i M l A ( I N O E X + l ~ K S 3 )  = KLAMDA(INDEX.KS3) 

f! 
XLPMDA( I N D E X t l ~ K S 4 )  = KLAMDB (INDEX, KSSI - 

C 
C 

INCREMENT SPRING COUNT. 

1 2 5  INDEX =INOEX+Z 
I DOF= KS4 

C 
C 
I: 

GUY WIRES. 

I F  (K  dIRES-EQ.0) GO TO 2 0 0  
H R I T E  (6.5) 
KGHIRL = 10 
KGWIR ? = K G Y I R I - l + K W I R E S  
DO 15 0 INDEXI= l .KHIRES 
REAO(l5.1) RLXrRLY~RLZrSLX.SLY.SLZ 
I I R I T E  ( 5 9 2 )  I O r R L X r  RLYr?LZrSLX.SLYrSLZ 
I o = I D  b l  
TL=SQI?T(  (SLX-RLX)*+2+ (SLY-RLY ) + * 2 * ( S L Z - R L Z I ' * Z )  
b = ( S L X - R L X ) / T L  
B - ( S L Y - R L Y ) / T L  
C=(SL,!-RLZ) / T L  
SLX=SLX-CGPOS(1.K) 
SLY-SLY-CGPOS(2.K) 
SLZ=SLZ-CGPOS(3 K) 
XLA~DI\~IN~EX,KS~) = s ~ x * e - s c r + n  
XLhMDl i l INDEX,KS2)=B 
XLLMDA( INDEX*KS3)=SLY+: -SLZ18  
XLAMDI\~INOEX,KS4l=C 
X L A M D I I ( I N D E X + l ~  KS l )= -XLAMDP( INDEXtKS1 ) 
XLAHDI i ( INDEX+l .  KS2) =XLLItIOA(INDEX,KSZ) 
XLhMDfi( INOEX+l.KS3) =XLPMDA( INDEX, KS3) 
XLAMDI I ( INDEX+ l r  6 4 )  =XL49DA(INDEX,KS4) 
INDEK ::INDEX+2 

k RLCKS. 
C  

2 0 0  IF(KR!I:KS.EQ.O) RETIJRN 
WRITE 16.4) 

C 
C 
I: 

SPUE F'ORT I N D I C E S  FOR STPRBOARD RACKS. 
- 

IDOFS=IDOF+1 
I D J F = I ) O F S  
INDEX S=INDEX 
KS=K 
DO 4OC INDEXl= l .KRACKS - K=K+1 

t - NUMBER OF SPRINGS FOR EACH RACK. 



- SHELTER I S  NOT R I G I D L Y  ATTACHED. 

t INCREMENT SPRING SDUNT. 
3 0 0  I N D E X = I N D E X + l  - 4 0 0  I O O F = I D O F + 6  

L 
C TAKE CPRE OF STARBOPRD ZACKS. 
C  
c LOOP OVER RACKS. 

i 
P 

LOOP OVER SPRINGS. 

L 
RETURN 

C 
!2 R I G I D  CASE - T I R E  DATA 
ti 

1 0 0 0  P E A 0  (5.1) TLYBvTLZB 
N T T = N T I R E S ( I )  
READ( 5 1) (TLX(NT.11 i N T = l r N T T )  
D O  1 0 1 6  NT=I NTT 
WRITE (6.71 ~ L X ( N T .  1 ) r T L Y B v T L Z B  
TLX(NT.11 = TLX(NT. 11 - XCG 
I F  (NT.GT.1) GO TO 1 0 1 0  
T L Y ( 1 )  = TLYB-YCG 
T L Z ( 1 )  = TLZB-ZCG 

1 0 1 0  WRITE (6.81 TLX(NTI1l.TLY ( l ) . T L Z ( l )  
IE TU? N  - 



8 FORMLT (lXr9HTIRE-(C6lrlX1bE15.5) 
9 FORMll T  ( I 1 2 r  F12.1) 

10  FORMbT ( lHO110(2H*  ) r4JHILLEGAL VALUE FOR BOGIE AXLE NUHBER. (LAMB 
I D A )  9 
1 /r21Xv6HllXLE = 13111H X ATTACH =rE13.51 

11 FORUllT ( 8 X r I Z  6x112 €14.61 
1 2  FORHA T ( ~ ~ H O ~ ~ G I E  S ~ R I Y G  ATTACHMENT POINTSf16X.  6HSPRINGr2X. 

1 4Hh KLE.~X I IHX)  - 
C 

END 

LAHSDA 



SUER3 U r  I N E  MASSM 
C 
c SUBROUTINE MASSM CaLCULATES GENERALIZE0 MASS MbT2IX .  
b 

:OMMONfCALC/ BETA (3.3) C R I T ( 5 )  tOCGr DCGO~OOt4IYrOVELr  
1 FLERO(50)  F O R : E ( ~ O ) . G ~ N A C C ( ~ O )  r t E N O I S ( 5 0 )  GfNVEL ( 5 0 )  r K T I R E t  
7 P I T C H  PTRIAL(~) ROLL T I M E  TMIN.XBARCM(3 1 3 )  YAW 
-COMMON/O~TAIN/ C G M ! S S I ~ ~ ) , C G ~ O S ( ~ . ~ ~ )  O A M P F ( ~ O I I  OAMPV(600), 
i OELTIM.ENOTIM, G, GS ( 2 ) .  ISOAMP(50)  ~ & I M O P . N P O P U ~ (  5 0 )   SLOPE. 
2 XIYZ X I I ( 1 3 )  X I2 (1 '3 )  X I 3 ( 1 3 )  * D E L ~ K  O E L T K ~ ~ O J R T I O P R T ~ ~ E N D T X  
c o n n o ~ / b r n ~ ~ s /  k n x o o ~  n ~ x n n s , n ~ x s ~ , n ~ i 3 r n  
c o n n o N t n a s s /  x n a s s t  40,  50,  
COMtlDN/OPTION/ I O P T , J G R I P H . K A X L B ( Z ) ~ K A X L E S  KBO;~KOAMIKERR.KGWII~~ 

1 KG WIR2.KRACKS.KRIGIJr KSHELT,KWIRES M ~ S S ~ S ,  MODF.MSPRNG. 
2 NRSDR(6) NCALL N C ~ S E . N J O S . N O U T . N P R ~ N T , N R S P R ( ~ )  rNSPRNGsNTRIAL9 

,. 3 XBOGIE(~!.IOO(ZOI 
8 ,. ZERO OUT ARRIY. 
U 

KOOF= HOOF 
IF(KDOF.LT.61 KOOF=6 
DO 1 0 0  INOEX=l.KOOF 
DO 1 0 0  I N O E X I = I  KDOF _ i o o  xnass (INDEX~.IN~EKI =o-.a 

ti 
c TRUCK. 
I. 

DO 2 0 0  J=I.MASSES 
2 0 0  XMASS (1.1) = X I 3 ( J )  +CGMASS(J)*(XBARCM(i,JJ **Z+XBARCM(2 

1 X l l A S S ( l r  1) 
XMASS( l .5 )  = -X IYZ 
DO 3 0 0  J = i r M A S S E S  
XMbSS (1.5)=KMASS(I. 5) - :GMASS(J)*XBARCH(2*J)*XBARCM(3.J)  
XMhSS (2.2)=XMASS(Zr Z)+CGMASS(J) 
XMASS (4.4)=XMASS((r 4) + K I I ( J )  + C G M A S S ( J ) + t N B b R C n ( 2 . J ) * * 2 +  

1 X B A R C M ( ~  J ) + * 2 )  
3 0 0  XMASS (5.5)=XMASS(5 4 )  + K I Z ( J )  + C G M A S S ( J ) * ( X B P R : M ( l . J l * * Z +  

1 X B A R C M ( ~ ,  J ) - z )  
xnnss ( 3 . 3 ) = x n ~ s s ( 2 . 2 ) .  
XMbSS ( 6  61=XMASS(2 2 )  - I F  ( ~ ~ A s ~ E s . E Q . ~ )  ~6 TO 7 0 0  

L; 

E AXLES. 

L, 

c P S I .  
C 

XMASS (1 KOOF) = X I 3 ( M )  
.. xnass c t b o ~ . u o o ~ )  = X I 3 t 4 )  

L; 
KDJF=KCIOF+I 
XMlSS (i,KOOF)=CGt4&SS(MI 'XBARCM(i,MJ 
XMASS (3.KOOF)=CGMASSPM) 
XMbSS ( 4  K O O F ) = - C t U A S S ( M ) * X B A R C M ( 3 . M )  

- 4 0 0  XMPSS ( K ~ O F , K D O F ) = ~ G H A S S ( M )  

E - CHECK FOR SHELTER. 
L1 

I F  (KS4ELT.EQ.O) SO TO 5 0 0  
n = n + l  

C 
C ,. P S I .  
L1 

KODF= KDOF+I 
XMLISS (1 KOOF) = X I 3  (M) 
xnass ~ K ~ O F , K O O F )  = X I ~ ( M )  

C 



b 

c P H I .  

ti 
KDOF= K O O F + l  
KMnSS ( 4 rKDOF)=CGMPSSFH~ 'XBI \RCH(ZsH)  
XMaSS ( 5 * K D O F ) = - C G H a S S  (?I ) - *XBARCM(l .H)  
xnnss ( 5  KOOF) = c G n a s s t  n! 

- X M A S S  ( K ~ O F . K D O F I = C G ~ A S ~ ~ ~ ~  
li RACKS. 
C 

5 0 0  I F  (KRtCKS.EQ.0)  GO T O  7 0 0  
K K - 2 '  K l b C K S  
DO 60 0 I N D E X = l l  KX 
n=n+l 

C 
C - P S I .  
b 

KOOF-  K 9 O F + I  
XMASS ( I . K O O F 1  = X 1 3 l n )  - XMASS (KOOF.KDOF) = K I 3 ( H )  

b 

KOOF= K O O F + 1  
K H P S S ( I . K D O F ) = - C G H A S S ( ~ ) * X B A R C M ( Z s M l  
XM4SS ( ? , K D O F ) = C G l P S S t N )  
XMASS ( 5 r K O O F ) = C G N ~ S S I M ~ ~ X B P . R C M 1 3 , n )  
X M ~ S S ( K D O F I K D O F ) = S G M A S S < M )  

C 
F: Y. 

I, 

5 P H I .  
U 

KDOF-  K D O F + l  
XMASS ( 4  K O O F )  = X I 1  ( M I  

p xnnss ( K ~ O F , K O O F )  = x ~ i t n )  

ti 
KOOF= K D O F + l  
xnass ( ~ * K O O F )  = XIZ (n) 

P. 
X H k S S  ( K D O F , K O O F ) = X I Z ( M ~  

I, 
KOOF- K D O F + i  
X t i f lSS  ( 5 . K D O F ) = - C t n A S S ( 4 ? * X B I \ R C M ( l r n )  
XMASS ( b e  K D O F ) = C G M A S S t M ) * X B A R C H I 2 , M )  
XMaSS (5. KDOF)=CGHb.SS(M) .. 6 0 0  xnnss ( r o o F . u o o F ) = s G t i a s s ( n )  

6 SYMMETRY. 
C  



ti 
RETUQN 
END 



SUBROUTINE MATXIN (4. NZI MAXZI I N D E X )  
c THIS SUBROUTINE HILL INVERT ANY MATRIX tnaxrnua ORDER OF 5 0 )  BY P MODIF IEO GAUSS-ELIMIYPTION METHOD. 

C 
4 = THE INPUT MPTRIX AS HELL AS THE OUTPUT MIITRIX. 

NZ = THE ORDER OF MATRIX A. 
C 
C 

MAXZ = THE MAXIM3M ORDER DIMENSIONED I N  THE CI \LL ING PROGRAM. 

C 
INDEX = 1 I F  THE I N  RSE I S  FOUND. 

C 
= 2 IF THE IN% MATRIX 1s SINGULAR. 
= 3 I F  MACHINE ERROR OCCURREO. I F  PitOGiANMER WISHES TO LOOP 

C 
C 

BACK FO.7 ANOTHER TRY, BE SURE TO RESET THE INPUT MATRIX. 

C 
NATRLX A I S  OUMW DINENSIONEO. T H I S  SUBROUTIYE REFERS TO I T  AS A 

L SI I IGLE DIMENSIONED V 4 R I A B L E  BY F I N D I N G  THE P iOPER SUBSCRIPT. C 
COMMI)NlMATOIH/ KOL(50) .ROU(50)  

r 
DIMEIJSION A ( 1 )  

MATXIN 



0 0  1 5 0  J = l . N  
I S =  ( I - I ) * H A X + J  
I T = l K - 1 )  + H A X + J  
R o H ( L ) = A ( I S )  
A ( I S )  = 4 ( I T I  
n c I r ) = i o w c i )  
, O N T I  NgE 
M=KOL I Y )  
K O L ( K )  = K O L ( I )  
K O L ( I ) = M  
GO TO 1 7 0  
C O N T I  NVE 
I N D E U = 3  
GO T3 1 8 0  
CONTINUE 
INDEK =I 
RETURN 
INDEK =3  
GO TO 1 8 0  
INDEX:? 
GO 1 3  1 0 0  
E ND 



SUBROUTINE MAXI  
C  
C 
I-! 

R E C O ~ O  MAXIMUM AND ~INIHUH VALUES. 

COHMON/CALC/ BET4 ( 3 . 3 )  C R I T ( 5 l  DCG OCGO D D ~ I H I O V E L  
1 FIERO(5O)  FORCE( ~ W ) ~ G € N A C C ( ~ O ! . G E ~ D I S ( ~ O )  GENVEL(!.O) ~KTIRE. 

P I T 3 H  P T R ~ A L ~ ~ )  ROLL TIME TMIN.NBARCM(3 15)  YAW 
Z c o n n o ~ / o ~ ~ ~ ~ ~ /  C G M ~ S S ~ ~ ! ~ )  C G ~ O S ~ ~  i a  o ~ n ~ F ( b o b ,  OAnPV(bOO~,  
1 D E L ~ I ~ ~ E N D T I M . G ~ G S ~ ~ )  S ~ A M P ( ~ ~ )  H ~ I M D P . N ? D ~ M ~ ( ~ O )  SLOPE, 
2  X I 1 Z s X 1 1 ( 1 3 ) r X I 2 ( 1 3 )  ~ 1 3 ( 1 3 )  .DEL)X.O€LTX~~ D P ~ T ~ O P R ~ ~ ~ E N D T X  

COMMDN/OELTAS/ DISP(Z,OOI 
COMMONlMAXMIN/ AN4X(50)  AMIN(50) .ANGLE(19)  C I P ( 1 3 , 6 1  

1 CI 3 ( 1 9 . 6 ) , ~ ~ ~ 1 ~ (  1 9 b 6 1 t ~ ~ ~ 0 ( 1 9 , 6 )  . C R K M ~ ~ ~ ~ ~ ~ , ~ M A X ~ ~ O ~ .  
2  O M I V ~ 5 O ) , I F L ( i 3 t b l .  JMAX KMAX SMPX(100) S M I N I i O O ) .  
3 Th MAX(5O) T n H I N ( 5 0 )  T D M ~ K ( S O ~  TOM N ( ~ O ~ . T S M P X ( ~ O O ) .  
4  T S I N ( ~ O O I I T V M A X  ~ ~ o I , T v M I N ( ~ o I . V ~ X ( ~ O ~  
5 YI lELD(6)  

.VMI . ( (50 l .  

COMMON/MOVING/ XOSAVEr XOBAR X S A V E I X T B ( ~ ) ~ Y O S A V E ~ Y O B A R I Y S A V E .  
i Z D S A V E  ZOBAR Z S A V E  ~ r B ( 5 1  

COMMOIU/~P~ION/ IOPT.J€RAPH.KAXLB(E) ~ K A X L E S  KBOG. KDAM.KERR.KGWI? 
1 K61dIR2.KRACKS.KRIGIO.KSHELT KWIRES MASSES MOOF,MSPRNG, 
2  NL: jPR(6)  , N C A L L ~ N C ~ I S E ~ N J O B ~ N ~ U T S N P R ~ N T . N R S ~ R ( ~ I  lNSPRNGrNTRIAL 
3 XBOGIE(2)  .IOD(SO) 

DO 10 11 INDEX= l .  MDOF 
I F  (GIENOIS( INDEX) .LE. 'O~f iX ( INDEX1 
DMPX ( INOEXl=GENDIS ( I N D E X )  
TOMAX ( INDEX)=TIME 
I F  (GIEYOIS(INOEX).G E.'DNIN(INOEX)) 
D N I N  [ INDEX )=GEM)IS (I 'NDEX) 
T D M I N ~ I I N D E X ~ = T I M E  
I F  (6 l iNVEL( INDEX)  -LE.'VH&X ( I N D E X ) )  
VMPX I INDEX)=GENVEL( INDEX)  
TVMAX I INOEX)=TIME 
I F  ~ 6 I I N V E L ( I N D E X ) . G E . V Y I N ~ I N D E X ) )  
V M I N  l I N D D o = G E N V E L ( I N O E X ~  
TVMIN ~ I I N O E X ~ = T I E  
I F  (SlEUACC( INDEX) .LE:AYPX(INDEX) 1 
ANAX I INDEX)=GE M i C  ( I N D E X )  
TAMAX ( INDEX)=TIME 
I F  ( 6 l i N A C C ( I N O E X l . G E . ' A M I N D E X )  ) 
A M I N  IIINDEX)=GEM:C (ENDEX) 
TAMIN l l INOEX)=TI t fE  
CONTI W E  
OVERT IJRNING DATA. 

C 
I F  (T1:NE .GT.O.O) GO T3 1 0 5 0  
0  = l(100. 
DVEL :: 0.0 
DOMIN = 1000. 
T H I N  :: 0.0 
DCG = 0.0 

1 0 5 0  I F  (D\lEL.GT.O.O) GO TO 1 5 0 0  
D P - 0  
I F  (Hb.SSES.GT.1) GO T-0 1 0 7 0  
OD1 = U T B ( 1 )  - XOBAR 
0 0 2  = XOBAR - XTB(2) 
0  = &kI INl (DDl .DD2)  
GO TO 1 1 5 0  

1 0 7 0  D  = 1 E ~ O O .  
0 0  l l O O  I Z 1 . 4  
D X = X T E l ( I + l ) - X T B t I I  
O Z = Z T E I ( I + I ) - Z T B ( I I  
OD= ~ 3 Z * ( K T B ( I + i ) - N O W R )  - D X * ( Z T B ( I + l ) - Z O B A R ) )  

1 / 'SQRT(DX+c2*DZ**2) 
I F  (DCl.LT.0) O=DD 

1 1 0 0  CONTI  hIUE 
1 1 5 0  DCG = 5 

I F  (D.GE.ODMIN) GO r0 1 2 0 0  
0 0 n I n  = 0  
T H I N  = T I M E  
I F  (TI4E.EQ.O.) DCGO = 3 

1 2 0 0  I F  ( 0 - L E -  0.0) D M L  = AMAXI ( (0P-0 )  /DELTIM,O. 001)  



P 
1 5 0 0  I F  lHA3SES.EQ-1)  RETURY 



0 0  90 
o n a x (  
VWPX( 
AWaXt 
OMIN( 
YMIN( 

9 0  AMIN( 
DO 9 1  

SWAK 
91  SHIN(  

I N D E X = I  MDo: 
T ' ~ D E X ) = - ~ O O O .  
]:NOEX)=-1O.OEiO 
]:NOEX)=-i0.0EiO 
I :NDEX)=iOO L O  
INDEX)  = l o .  OE io  
I Y D E X ) = i O .  OEio 

INDEX=i.MSPSNG 
(INDEX)=-iO.OE1O 
INDEXI=IO.OEiO 

ti 
C 
C 

SET U F  O R I G I N  OF MOVING COOROINfiTE SYSTOI. 

XOSAVE=O. 0 
YDSAY E=O. 0  
ZDSAVE-0.0 
RSAV=ROLL 
PSAV=PITCH 
YSAV=Y4W 
RDSAV -0.0 
PDSAU=O. 0  
YDSAV=O. 0  

I: 
1FIRST.O 

t 
P 

I N I T I A L I Z E  INTEGRATION PACKAGE. 
" 

D E L T I M  = O E L T X i  
OPRT = -0.5'DELTI4 - DELTX 

P 
CALL A l lAHI (DELT In) 

" 
C  SET TR'tM ACCELERATIONS TO ZERO. 

NOTION 



C 
DO 1 0 0  I N O E X = l  HOOF 
G E V V  L(INDEX)=~.O 

l o o  G E N A E c ( I N D E ~ ) = o . o  
I F  (KTIRE.GT.1) GO TO 1 4 0  
K T I R E  2 

C c SET UP MASS MATRIX. 
b 

C P L L  nassn 
I F  (JDEBUG.EQ.OI GO TO 1 2 0  
WRITE (6 .10 )  
DO 1 1 0  I N D E X = l  HOOF - 1 1 0  WRITE (6 .71 IN~EX.  (XHASS ( I D ,  I F ; O E X ) ~ I O = i r t l D O F )  

k 
r. 

I N V E Z T  MASS MATRIC. 
U 

1 2 0  KDUM= 0 
C P L L  MaTXIN (XMASS MDO- MAXwF.KDUtl)  
I F  (KDJW.EQ.1) GO f 0  i 4 d  
IFIKDUM.EQ.2) WRITE ( 6 r 3 )  
IF(KDUt l .EQ-3)  URITE (6~3) 
KERR = 2 
RETUqN - 

ti 

s HERE WE GO-.. 
b 

1 4 0  WRITE ( 6 9 5 )  
1 8 0  NOUT = -1 

I F  (NPRINT.EQ.O.DR. rIHE.LT.OPRT) GO TO 2 0 0  
OPRT = OPRT + DPRT1 
NOUT = 0 

2 0 0  CONTINJE 
C A L L  &DAM5(GENOIStGEWELr  GENACCsTIMEr OELTIH)  
I F  (NIT.EQ.3) GO TO 2 6 0  
I F  (KSTART.EQ.6 .PND. IF IRST.EQ. i  GO TO 260 
GO 1 3  2 8 0  

2 6 0  CONTINi lE 
C A L L  EULER(DELT1M) 
C A L L  B E T A I J  
C P L L  ORIGIN(OELT1H) 

2 8 0  3 O N T I  NUE 
I F  (tlDOF.LE.6) GO T J  285 
I F  INIT.EQ.1) CALL BOTTOM 

- 2 8 5  CONTINUE 

8 ,. CALC. NEW FORCES.INCLU3ING DAMPING. 
Ir 

CPLL ECTRNL 
I F  (<STbRT.EQ.6) I F I R S T  = 1 - 

C 
C MULTIPLY MASS-INVERSE I N T O  9.H.S. 
C 

C A L L  MULT ~ x M A S S ~ F O R C E ~ G E N A C C ~ M A X O O F ~ H A X D O F ~ ~ ~ O Y F ~ H O O F ~ ~ ~  
C 
C I F  N I T I Z .  S T I L L  I N  STAPT UP PHASE. 
C 

I F  (NIT.GT.2) GO TO 2 0 0  
C 

C A L L  MPXI 
C 
c_ OUTPUT DATA. 
ti 

IF(NOUT.NE.0) GO TO 4 0 0  
WRITE (6 .1)  TIMErOCG 
WRITE (6 .2)  ( G N O I  $ t I 3 )  r I O = i r M D O F )  
WRITE (6.31 (GENYEL( IO) . IO= l rMOOFI  
WRITE (6 .4 )  (GENACC( 1 0 )  .IO=l.MOOF) 
WRITE (6 .11 )  ROLLrPITCH.YAU,XOBAR YOBARrZOBPR 
I F  (JDEBUG.EQ.2) WRITE(6.6)  (oIsP~Io)~IO=~.MSPIN~) 

C CHECK FOR PLOT OPT4 TA'E. 
IF(JSRPPH.GT.0) WSITE ( 8 )  TIME,DCG ~ G E N o I S ~ I ~ ~ ~ I O = ~ ~ M O O F ~ ~  

1 (GENJEL(IO) r10=1 . H D ~ F )  r (  GENbC, ( 1 0 )  , I O = l r M D O F l  v R ~ L L ,  

MOTION 

184 



LI 

4 0 0  I F  I ~ V E L . G T . O . O . A N O . K O 4 Y . G T . O )  GO TO 5 0 0  
I F  1TIME.GE.ENOTI'I) GO TO 5 0 0  
I F  'INIT.GT.1) GO TO 1 8 0  
I F  (TIME.LT.ENDTX.OR.TIHEEGT.ENOTX + O E L T X I I  GO TO 1 8 0  
O E L ' I I H  = OELTX 
N I T  = 2 
KSTIIRT = 2 
I F I F I S T  = 0 
T I 0 2  = DELTIM/Z.  
T IJ ILZ  = DELTIM/12. 
T I 0 2 4  OELTIM/24. 
T I 0 7 2  = OELTIM/720. - GO 1:o 1 0 0  

C 
! FOPIIkT STATEMENTS. 
ti 

1 FORI4kT (7HOTIME =E14.4.10X114HCG DISTANCE = €15.6) 
2 FORIIkT (15HODISPLACEMEYT =.I .  ( 1 X  IOE12.4) I 
3 FORt lkT ( I I H O V E L O C I T Y  =./* ( 1 ~ ~ 1 0 ~ I 2 . 4 1  ) 
4 FORt4kT ( ISHOACCELSRATION =1/ ( 1 X  l O E l Z . 4 ) )  
5 FORt44T (33HOBEGIN T I M E  HISTOAY CALCULATIONS.,/) 
6 FORll4 T ( 2 1 H O S P R I N j  DEFLECTIONS =,/, ( 1 x 9  lOE12.4I 1 
7 FORIt4T ( 6 H  COL. r13 . , (10E12 .4 ) )  
8 FORI4hT ( 1 0 ( 2 H  + l ,30Ht iASS MATRIX SINGULAR. ( H O T I O N I I  
9 FORl4kT ( 1 0 1 2 H  ? ) *434NUFBER OF DEGREES OF FREEDJM L T  1. (NOTIOF;)) 

1 0  FORI4kT ( i H O  S ( 2 H  '1.224 MASS MATRIX BY C0LUMN.I) 
11 ~ 0 ~ 1 4 4  T C ~ H O R O L L  = . ~ i 3 . 5 . 9 ~ ,  PITCH = , ~ i 3 . 5 . 7 ~ ,  Y A M  = .~ i3 .5 .  

1 011 X = E12.5~6H.- I = E l2 .5 r6H.  Z = E i 2 . 5 )  
1 7  F O R I ~ T  (1HO 1 0 ( 2 H *  I 17HNORHAL EN0 OF J O B t l O ( 2 H  

_ 1 8  FORt4kT ( ~ B H ~ V E H I C L E  ~ V E R T U R N E O .  RESPONSE TERUINATEO AT T = E15.6)  
C 

1 9  FORtIbT ( 2 4 H O T I M E  H I S T O i l  COMPLETED.) 
END 

I 
HOTION 



S U B R 3 U T I N E  MULT ( P t B r  RvNvM, NNr M M r L L )  
C 

GENERAL MATRIK M U T I P L I C 4 T I O N .  

E REMARKS - 
L, 

C 1- A L L  MATRICES MUST BE STORE0 P S  GENERAL MATRICES. 
C 2. MATRIX R CANNOT B E  I N  THE SAME LOCATION AS M A T R I X  A. 
C 3. ~ P T ~ I X  R CANNOT BE IN THE S A M E  LOCATION 4 s  MATRIX B. 
C 4. NJMBER OF COLUMNS OF MATRIX  A MUXT BE E a U 4 L  T 3  THE NUMBER 
C OF ROWS OF MATRIX  B. 
c 5 .  NN.LE.N. t4M.LE.M. 

c" C C C C C  + * + + C  
C 
,. OIMENSION A ( l ) r B ( l ) r R  (1) 

IK=-M 
D O  20 K = 1,LL 
I K = I I [ + ' 4  
I R O  = N C ( K - 1 )  

00 ZO J=I .NN 
I R  = I R O  + J 
JI=J-Y 
I B  = I K  
R I R  = 0.  

0 0  1 0  1=1.nn 
J I = J I + N  

I B  = I B  + 1 
1 0  R I ?  = R I R  + P 
2 0  R ( I R )  = R I R  

b 
RETURN 
END 

MULT 



P 
SUBl lDUTINE O R I G I N  (DELT4T 

" 
C 
C 

DETERHINE POSIT ION VECTOR OF THE O R I G I N  I N  F I X E D  A X I S  SYSTEM. 

COM~lONfCALC/ BETA Q . 3 )  C R I T ( 5 )  OCG OCGO ODMIYI OVEL 
1 l:PERO(50) FORCE( 50.) ~ N A S C ( ~ O ! , G E ~ O I S ( & O )  GENYEL(&O)  .KTIRE. 
2 I ' ITCH P T R ~ A L ~ ~ ~  R D L ~  TjtME T M I N d B A R C M t 3  13) YAW 

COM~~DN~M~VING/ YDs~v@,x~B R , ~ ~ A V E , X T ~ ~ ~ ) , Y ~ S A V ~ , ~ O B A R , Y S A V E ,  

C 
1 I!OSPVE.ZOBAR*ZSAVEr L T B ( 5 )  

P - 
XOBP8RDtBETA (l~l)*GENIIEL(2)+BETA(l~2)*cENVEL~3)+BETA(l~3)*GENVEL(6) 
YOBPIRO=BETA (2.1)rGENUEL(2)+8ETA(2r2)*GENVEL(3)+BETA(2.3 )*GENVEL(b) 
Z O B ~ I R O = B E T A ( ~ ~ ~ ) * G E N V E L I Z ) + B E T A ~ ~ . ~ ) * G E N V E L ( ~ ) + B E T A ( ~ . ~ ) * G E N V E L ( ~ )  

E 
C 

TRAPEZOIDAL 1NTEGRATI.ON. 

E 
I: 

SAVE V4LUES FOR NEXT STEP 
- 

XSAVE=XOBAR 
Y SfiVE=YOBAR 
ZSAVE=ZOBAR 
XOSAVE=XOBARO 
YOSAY E=YOBARO 

C 
ZDSAY E=ZOBARO 



- SUBROUTINE P I T E R  (CIR* NTRIALIKOK) 

k C  - S R I T E R I A  ( C  .LT. 1L 
C  NEGATIVE VALUE I N O I 1 4 T E S  UNSTABLE RESPONSE. 
C  C R I T I C A L  VALUE O F  C  :: 0. 
C  R  - 'RESSURE. 
C  KOK - 01  ANOTHER T R I A L  I S  REQUIRED 
C  I* I T E R A T I O N  COYPLETE 
c 2. ERROR. 
ti 

0 WEHSION R ( 5 ) r C ( 5 )  
OlfTP E1(1/.25/* EX.?/?. 0 1  FMIN/O.5/ FMAX/Z.OI 

,. DATA 01/0.5/. 0210.2Yr f 0 ~ 1 / 0 . 2 / .  t 0 ~ 2 / 0 . 0 3 /  

C 
!? ONE T R I A L  COMPLETE. 

0 0  2 0 0  1-3.5  
R I I )  = 0.0 
C ( I )  = 0.0 
R ( 5 )  = 1.E11 
R ( 2 )  = R ( 1 )  
C ( 2 )  = C ( 1 )  
F = F M I N  
I F  (C(Z).LE.O.O) GO 1 '0  
F l  = ( l .O/( I .O-C(2)* 'E 
F  = A M I N I ( F M A X . f l )  
R ( 3 )  = F * R ( Z )  
R I I )  = R ( 3 )  
I F  ( A B S ( C ( 2 )  ).LT.TOLl) 
GO TO 3 1 0 0  

C 
C  TWO T R I A L S  COMPLETED. 

C ( 3 )  = C ( 1 )  
R ( 3 )  = R ( 1 )  
I F  (C(3l.LE. 0.0) GO TO 7 0 0  
I F  (C(2) .LE.O.OI GO T J  8 0 0  
BOTH POINTS GOOD. 
I F  ( I R ( 2 )  - R ( 3 ) l ' l C 1 2 )  - C(3)).LT.O. 0) G O  TO 6 5 0  
F = ( i . O / (  l .O-C(3)*'E1(2) ) + * E X 1  
F  = AHINI(FMAX.F)  
R ( S )  = F * R ( 3 )  
R ( 1 )  = R ( 4 )  
G O  TO 3 1 0 0  
R ( 4 )  = R T 2 ( R ( 2 ) . R ( 3 )  C ( 2 ) * ' 2  C ( 3 ) + * 2 )  
R ( 4 )  = A M I N ~ ( R ( ~ ) . F N ~ x * A M A x ~ ~ R ( ~ I  .R ( 3 ) ) )  
R l i )  = P ( 4 )  
I F  ( k B S ( C ( 3 ) )  .LT.TOLl)  GO TO 3200  
I F  ( L B S ( R ( 4 1  - R(3)) /R(b) .LE.TOL21 GO TO 3200 
GO TO 3 1 0 0  
I F  (C(21.LE.O.O) 5 0  TO 1 1 0 0  
MOST RECENT P O I h 7  BAD. 
R ( 4 )  = R ( 2 )  - O I ' ( R ( 2 )  - R ( 3 ) )  
R ( 1 )  = R ( 4 )  
I F  ( 4 B S ( R ( 4 )  - R ( Z ) ) / R ( S ) - L T . T O L 2 1  GO TO 3 2 0 0  
GO TO 3 1 0 0  
NOST RECENT GOOD* OTHE? BAD. 
R ( 4 )  = R ( 3 )  - D l * ( P ( 3 1  - R ( 2 ) )  
R ( 1 )  = R ( 4 )  
I F  ( P B S ( C ( 3 ) )  .LT.TOLl)  GO TO 3200 
I F  ( A B S ( R ( 4 )  - R ( 3 ) ) / R ( 4 ) - L T . T O L Z )  GO TO 3 2 0 0  
GO TO 3 1 0 0  
BOTH POINTS BAD. 
R ( b )  = F M I N C R ( 3 )  
R ( 1 )  = R ( 4 )  
GO TO 3 1 0 0  



c THREE OR MORE POIVTS COMPLETED. 
C ( 4 )  = C (1 )  
R ( 4 )  = R ( i )  
I F  (C(4).GT.O.O) GO 
CURRENT POINT BAD. 
I F  (C(3l.GT.O.O) 5 0  
I F  (C(2).GT.0.0) GO 
ALL POINTS BAOI KEEP 
C ( 2 )  = C ( 3 )  
R ( 2 )  = R ( 3 )  
C (3 )  = C (4 )  
R ( 3 )  = R I 4 )  
R (4 )  = Ft4INZR(4)  
R l l b  = Rlbb 

PO 1 3 5 0  
T'O 1 2 5 0  
' 3  AND b. 

g6-fo 3i',j,j. 
POINTS 3  AND 4  BAD1 KEEP 2  AND 4. 

!SO C(3 )  = C i 4 )  

- .-. - .  .. 
R ( 3 )  = R ( 4 )  
GO 1 3  800 
POINTS 2  AND 4  ARE GOOJ. 3  NO GOOO. 
I F  ( ( R ( 2 )  - R ( 4 ) l * ( C 0 2 l  - C(4)).6T.0.01 GO TO 
KEEP 2  AN0 4. 
R3 : R(3)  t 0 2 * ( R ( k )  - R ( 3 ) )  
R ( 5 )  = R ( 3 )  
R ( 3 )  = R ( 4 1  
C ( 3 l  = C ( 4 )  
R ( 4 1  = RT2 t R ( 2 )  R( 31r : (2 )+*2rC(3) * *2 )  
R ( 4 )  = A M I N ~ ( R ( ~ ~ . R ~ )  
R ( 1 )  = R ( 4 )  
I F  ( b B S ( C ( 3 ) )  .LT.TOLI) GO TO 3200 
I F  (bBS(R(4)  - R(3) )/R(L).LT.TOLZ) GO TO 3200 
GO TO 3 1 0 0  

I F  (C (Z).GE. 
I F  ( ( R ( 3 ) - R (  
R (3 )  = RC4) 
C ( 3 )  = C ( 4 )  
GO TO 800 
KEEP POINTS 
R3  = R(2 )  4 
R ( 5 )  = R ( 2 )  
C (2 )  = C ( 3 )  
R ( 2 )  = R ( 3 )  
G O  TO 1 8 0 0  

ti 

c ALL THPEE POINTS &RE G330. 
k ALL 3  POINTS ARE GOOD. 

2 1 0 0  I F  I ( R ( 3 ) - R ( 4 ) )  +(C( J)-C(4)).LT.O.O) GO TO 2200 
F  = (I. O/( l .O -C I4 ) * *EXZ) ) * *EX i  
F  = AMIN1 (FNAXIF) 
R 1  = F * R ( 4 l  
GO TO 2300  

2 2 0 0  R 1  = RT2 (R (3 )  R('r).C(3)*+2. C (4 ) * *2 )  
R 1  = A M I N I ( R I . ~ ~ & x * R ~ ~ ) I  

2 3 0 0  R ( 2 )  = R ( 3 )  
C ( 2 )  = C (3 )  



R ( 3 1  = R ( 4 1  
C C 3 )  = C ( k )  

C CHECK E L R L I E R  BAD POINT.  
IF (RI.GT.R(~)) RI = R ( 5 1  + 0 Z C l R ( 4 )  - R ( 5 ) 1  
R ( 4 l  = R I  
R ( 1 )  = R t 4 )  
I F  t b B S t C ( b \ )  . LT .TOL l I  GO TO 3 2 0 0  
IF ( ~ ~ ~ ( ~ ( 4 ) - ~ ( 3 l l / R ( 4 )  .LE.TOLZ) GO T O  3 2 0 0  

C 
5 NEY T R I A L  REQUIRED. 
1; 

3 1 0 0  KOK ' 0 
RETURN 

C 

E SOLUTION FOUND- 

3 2 0 0  KOK = 1 
,. RETURN 
Ir 
I: ERROR- 
E 

3 3 0 0  KOK = 2 
W R I T i  ( 6 h 5 0 0 0 )  C(1 )  

1 0 0 0  ~ 0 1 .  QHOERROP I N  S / R  R I T E R  - C l l T  GREf iTEI  r * h N  
RETURN 

C 
END P I T E R  



SUBROUTINE PRETRM 
C 
C r: CALLED ONLY I F  GUY d I R E S  ARE USED. - 

COMMD N/CALC/ BETA (3 ~ 3 1  C R I T ( 5 1  OCG. OC GO. OOqIY. DUEL. 
i F4 E i O ( 5 0 )  FOQCE( 5 0 1  I G ~ N A C C ( ~ ~ ~ G E N D I S ( ~ ~  1 GKNVEL(SO1 ,KTIRE, 
?. PI I S H . P T R ~ A L ( ~ )  I O L L ~ T I M E . T M I N ~ K B A R C M ( ~ , ~ ~ ~  , Y A M  

COMMD UICHECK/ JOEAUG 
Eonnou x L a n o n  ( l o o  4 4 )  
s ~ ~ ~ ~ ~ ~ / ~ ~ ~ ~ o ~ /  I O ~ T  JGRPPH,XAXLB(ZI KAXLES K ~ ~ ; . K o A H  KERRIKGHI~I. 

1 K G I I I R ~ ~ K R A C K S ~ ~ R ~ G I D S K S H E L T ~ K Y I R ~ S  M A S S ~ S  MODF,MS~RNG, 
2 Nf i l jPR(6)  r ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ t ~ ~ ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ 3 ~ b ~ ( 3 )  .NSPRNG~NTRIAL, 
3 XBOGIE(2)  I D D I L O )  

S O M M D I J / P R E L O ~ /  PRELOD ( 4 1  
COMMDf4ISPRING/ FOFX ( 6 0 0 )  JCURVE(52)  .MAKSPRrNPP: ( 5 2 1 .  

1 X t 6 0 0 )  
COMMOIIIWEIGHT/ UEIGdTr  WGTS( 1 3 1  

P 
DIMEN!;ION RES( 31.ER( 3).GENSH(31 

SET ST j iRT ING P O S I T I O H  FOR TRIM. 



N S T O P = N P P C ( I S K ) + I S - 1  
3 1  I S = I S + I  

I F  (1S.GT.NSTOPI GO TO ZOO0 
I F  (I(IS).LT.O.Ol GO 1 3  3 1  
AVSLO = AVSLO - ( ( F O F X ( 1 S - 1 )  - F O F X ( I S I I /  

1 ( X (  I S - 1 1  - X(ISl)I*XLAMDA(I~IHM6l~* 2  
I = I + Z  
I S K = I  SK+ 1 

3 3  CONTINUE 
GENDIS( IH)=GFGCH/AVSLO 
GENSH (1) =GENDIS( IH)  
;ENS4 ( 2 1  = 0.0 
GENSH (3)=O. 

35 CONTINUE 
GFSHI  = 0.0 
GFSH = 0.0 
GFSHZ = 0. 
I S K = I  SKU 
I = I K  
DO 40 J=l.KSHELT 

DISPJ=XLAMDA(I. I H ~ t i b I * G E M ) I S ( I H l  +XLAHDA( I; 
I G E N D I S ( I H P 1 )  4 XLAHDA( I1  I H M C I  

I S T A R T  = JCURVE(ISK1 
NP = NPPC( ISK1 
CALL I N T l ( D 1 S P J  ,NP, X ( I S T A R T I  .FOFX ( I S T A R T I  
SFSH=GFSH+SF*XLPMD4(1 I H M 6 )  
G F S H ~ = G F S H I * S F * X L A ~ D A ~ I  I H H 5 l  
;FSH2 = GFSHZ + SF*ULAM~A(I.IHM~I 
I = I + 2  
I S <  = I S K  + I  

40 CONTI NJE 
RES( 11 = GFSH +GFGJH 
RES(  2 )  = GFSH1 + G F G $ H l  
R E S ( 3 l  = GFSHZ + GFGCHZ 
C A L L  RELAX ( 3  RES.GWSH.ER*NOKrNPRt NCOUNTI 
GENOIS~IHI = ZENSH(II. 
G E N D I S ( I H P 1 )  = GENSHt 2) 
G E N O I S ( I H P 2 l  = GENSH(;3) 
IF(NCO.JNT.EQ.11 NTRY = NTRY + I  
IF(NTRY.GT.201 GO TO 1 0 0 0  
IF(NOK.EQ.01 GO TO 3 5  
IF(NOK.EQ.2) GO 1 3  1 0 0 0  
PRE T R I M  DONE 
I F  (KRbCKS.EQ.01 G O  TO 6 0  
O I S P L  A2E RACKS. 
I H  = I H  + 5 
DO 50 1-1 KRACKS 
GENDIS(IH! = GENSH(II 
GENOI S(IH+b*KRACKS) = ;ENSH( 1) 
G E N D I S ( I H + 3 l  = GENStl( 3) 
GENOIS( IH+3+6*KRhCKSl  = GENSH(3) 

5 0  I H  = I4  + 6 
60 WRITE (6.2) 

I F  (JOEBUG.GT.01 WRITE (6.4) GENDIS 
C A L L  B4SE 
RETURN 

, 0 0 0  W R I T E ( 6 . 9 5 0 0 1  
KERR = 2  
R E T U i N  

E ,. ERR03 I N  DATA ? 
L 

2 0 0 0  WRITE ( 6  3)  
KERR = 3 

- RETURN 

C 
1 FORHAT ( 2 8 H  BEGIN PRE-TRIM ON GUY WIRES) 
2  FORMLT ( 1 8 H  PRETRIH COMPLETED) 
3  FORMkT ( 3 8 H  ERROR DETECTED 3 Y  Cf iBLE TR H ROUTIYE../. 

1 4 0 H  CHECK SHELTER X US. F ( X )  O A F A .  ( P ? E T R ' O I  
4  FOZMAT (IOHOGENOIS = / ~ 1 X ~ I O E I 3 . C l l  



9 5 0 0  F O R R I T  (/ .31H 6UY MIRE T R I M  ABORTED ( P R E T R M l l  
END 

P R E T R  



.- SUBROUTINE REBOUN I N S P I  

; 
C 

SUBROUTINE REBOUN IREBOUNO) CALCULATES NEW S T A I T I N G  
CONDITIONS WHEN A SPRING BOTTOMS OUT (REBOUNIS). 

C ,. TOTAL C O N S R V P T I O N ' O F  ENERGY I S  ASSUYED 

C A L C U L A T E  GENERALIZED I n P u L s E  DUE T O  UNIT SPRING FORCE 
D O  11 0 H=~.IIOOF 
FORCE ( H I  =XLAnOA (NSP,H-5) 
I F  lK8DG.EQ.O) GO TO 1 5 0  
MA-0 
0 0  1 2 0  I=i KAXLES 
NA=NL+NASP&(I) 
NS=2* N 9 + 1  
I F  INSP.LT.NS1 GO TO 1 2 0  
I F  lNSD.GE-NS+4*KBO 0 JO TO 1 5 0  
D O  1 3 0  n = 7 , n 0 0 ~  
FORCE ( t i )  =FORCE(HI +XLAHO9 (NSP+Z,M-b) 
F O i C E  111 = 0.0 
FORCE (2I:O.O 
FORCE (3)=0.0 
FORCE(4I=O.O 
FORCE 1 5 )  =O. 0 
FORCE 16)  =O.  0 
CALCJL4TE VELOCITY CHAYGE DYE TO UNIT  I n P U L S E  
CALL HJLT (X~~~SS.FORC'EIGENACC HAXDOF.HAXODF.MO3F HOOF 1) 
CALCUL9TE VALUE OF IMPULSE N E ~ E S S A R Y  TO KEEP KE CONSTANT 
VNUM = 0. 
voon = o. 
0 0  1 7 0  H=l.tiOOF 
VNUn = GENVEL(n1*FORCE(n l  + VNUn 
VOOn = G E N A C C l H I * F O R C E l ~ l  + VOOM 
V I M P  = -2.0*VNUWYDOtf 
CALCJLLTE NEW V E L D C I T I E S  
DO 2 0 0  H = i  HOOF 

S E N V E L ~ H I  = GENVEL( H) +VIMP'GENACC( ti) 
EENACC(M1 = 0.0 

C ONTI  N3E 
R E T U i N  
END 



SUBFLOUTINE RELAX (NEPIRES*XIERINOKINPRINT.NCOUYT) 
!? NC311NT MUST B E  SET = 0 BEFORE VERY F I R S T  CALL. 
E " VERSION 2.0. DECEMBER 1975.  

NOIP1=50 
CON=lOOO. 0 
I F  INPPINT.NE.1) GO TO 4 0  
WRITE (6.50) (X (N).RES(N) . N = l  NEQ) 
FORPI31 ( 1 H  / /4X 8 H  T R I I \ L  K.I~X~IHRES 
I F  (NCDUNT.~Q.O I G3 T3 1 0  
I F  (NCOUNT.LE.NEQ) GO f O  1 4  
NCOUlNT=O 

:a;:o 
DO Z I=I INEQ 
DX = X ( I ) - P X ( 1 )  
I F  (RBS(OX).LE.ER(I)) N Q = N Q t I  
I F  (3 BS(RES(1)) -ABS (P.RES(1) j.GT.O.0) 
CONTINUE 
I F  (NQ.EQ.NEQ) GO TO 1 0 0  
I F  (NNQ.EQ.NEQ) 63 TU L O 1  
0 0  4 I=i NEB 
x x i t r ) = x c i ,  
RRES( I ) = R E S ( I )  
D E L W ( I ) = A B S ( O . O O O I * X ~ I ~ ~  
I F  (OELX( I ) .LT .ERI I ) )  D c L X ( I ) = E R ( I )  
CONTINUE 
GO TO 6 
DO 7 M M = i  NEQ 
XRES( MM N C ~ U N T )  = (REStMM) - RRES(MM) 
x ~ ~ c o u ~ t ~ = x x i ~ ~ c o u ~ ~ ~  
I F  ~NCOUNT.EQ.NEP) GO r 3  8 
NCOUNT=NCOUNT+I 
X I N C O U N T ) = X ( N C O U N T ) + D E L X ~ N C O U N T )  
NOK=O 
RETURN 
DO 20 I = 1  NEQ 
s r ~ x c  I) =-R&ES~I) 
CALL  SOLVECXRES NEQ.NDIMIOIIPIDET~SIG 
I F  (NE3.EQ.0) ~6 TO 1 0 2  
PROP=l.O 
DO 1 3  I=1 NEQ 
IF(ABS(SI~X(I)I  .LT.:UN*ER(I)) GO T O  i 
XPROP = (CON*ER(I )  ) / C B S ( S I G X ( I ) )  
I F  ( K  PIOP.LT.PROP) PRO'=XPROP 
CONTINUE 
DO 1 2  I = l r N E Q  
X ( I ) = X X I ( I ) * S I G X ( I )  *PROP 
PX(1)  = X X l ( I I  
P R E S < I ) = R R E S ( I )  
NOK=O 
NCOUNT=NEQtI 
RETURN 
NOK-1 
GO TO 11 
WRITE ( 6  5 5 )  
F 0 4 M l T  ( 3 1 ~ 0  S3LUT1,'ON DIVERGING I N  
N l l K = 7  

) / D E L I  

i i t i i u i ~ = o  
RETURN 
E NO 

RELAX 



SUBROUTINE RFORCE(FI .MIKDOFI INDEKY)  
C 
C 
C " ?FORCE CALCULATES NON-4CCELERATION I N E R T I A  TERMS FORM RACK NASSES. 

F I X J (  XMJIXLJ,YLJ,ZLJ,GYDOTJ, GZD! lTJ )=XMJC( -GENVZL( l ) *GENVEL(3 ) -XLJ  
1 *(GENVEL ( 1 ) * * 2 + G E N V E L ( 5 ) * * 2 )  
2 + G E N V E L ( 4 ) * ( Y L J ' G E N V E L ( 5 ) + Z L J  
3  *GENVEL( I ) )  -2.O*GENVEL(l)*GYDOTJ) 
4  +YMJ*GENVEL(5 ) *1GENVEL(6 )+2 .0*  
5  GZDOT 1 
4 + K M J * ~ ! M V E L ( ~ ) * ( G E N V E L ( ~ ) + ~ . O '  GZDOTJ) 

F I Y J ( X M J , X L J . Y L J I Z L J ~ G I ( O O T J ~ G Z D O T J ) = K M J * ( G E N ~ E L ( ~ ~ * G E N V E L ( ~ ~  
1 - Y L J  
1 * (GENVEL( l ) * *Z+ ;ENVEL(4 ) * *2 I  
2  + G E N V E L l 5 ) * ( X L J * G E N V E L ( 4 ) + Z L J  
3  *GENVEL( 1)) + 2 . 0 * G E N V E L ~ l l * G X O O T J ~  
4  -XMJ*GENVEL(4 ) * (GENVEL(b)+Z20*  
5  GZOOTJ) 

F I Z J (  XMJ.XLJ.YLJ.ZLJ, G Y O O T J , G Y D O T J ) = X M J * ( G E N U E L  ( l ) * ( X L J + G E N U E L ( 4 )  
1 + Y L J + G E W E L ( 5 ) ) - Z L J * ( G E N W E L ( 4 ) * * Z + G E N V I L ( 5 ~ * * 2 ) + G E N U E L ( 4 )  
2 * ( G E N V E L ( 3 ) + 2 . O * G Y D O T J ) - G E N V E L ( 5 ) * ( G E N V E L ( 2 ) + 2 . O * G X D O T J ) )  

F I P H I  J(J.GDTHET.GOPS1) = ( X I 3 ( J )  -X I2 (J ) ) ' ;ENVCL(11  
1 I G E N V E L ( 5 ) - ( X I l ( J )  + X I Z ( J )  - X I 3 ( J ) ) *  
2  GENVEL( l I *GDTHET + ( X I l ( J )  + X I 3 ( J ) - X I E ( J ) )  
3  *GENVEL ( 5 )  +GOPSI 

FITHET(J,GDPHI.GDPSI) = ( X I I t J )  - X 1 3 ( J )  ) * G E N J E L ( l )  
1 * G E N V E L ( 4 ) + ( X I l  (J) + X I ? ( J )  - X I 3 ( J ) ) *  
2 G E N V E L ( I J * G D P H I  - 1 K I 2 f J )  + X I 3 ( J )  - X I l ( J ) )  
3  "GENVEL(4) 'GDPSI 

F I P S I  (J.GDPHI.GDTHET) = ( X I 2 ( J )  - X I I ( J I  ) *GENVEL(4)  
1 * G E N V E L ( 5 ) - ( X I 1  (J) + X I 3 (  J) - X I 2 ( J ) ) *  
2 GENVEL(5 l *GDPHI  + ( K I Z ( J )  + X I 3 ( J )  - Y I I ( J )  ) *  
3  GENVEL(4)*GDTHET 

RACKS 

KX-2CKRACKS 
DO 3 0 0  INOEX=IIKX 
F I ( 5 )  = ( X I l t t i )  - X I 3 1 H )  + C G H A S S ( H l * ( X B A R C M ( 3 , M ~ r * 2  

1 - X B A R C H ( l r M ) * * 2 ) ) ' G E N V E L ( l ) * G E N V E L ( 4 ) + a * H A S S ( n )  
2  CXBARCM(2 M)*XaARCM(3.M)'GENWEL (4 ) *GENJEL(5 )+2 .0  
3  * G E N V E L ( ~ I * C G ~ A S S ( H ~ * X B A R ~ ~ ( ~ , ~  )*GENVEL (INOEXY-11 
4 -2. OrGENVEL ( I ) * C G M A S S ( M ) * X B A R C M ( 3 , N ) C G E N V E L ( I N D E X Y 3  
5  -2 .O*GENVEL(4)*3GMbSS(M)*XBARCN (1 M)*GENVEL( INOEXYl  
6 +GENVEL(I) &(KIL(HJ +xI~(M) - ~ 1 3  (N!) 
7 * G E N V E L ( I N D E K Y + i I - G E N Y E L ( 4 ) * ( X I 2 ( M )  + X 1 3 ( M I  - X I i ( M ) ) *  
3 GENVELt INOE XY-21 + F I  ( 5 )  
3 +2. O+GENVEL ( 5 )  *CGMASS(M) *XBARCN(3 fll *GENYEL(INDEXY+Z) 

F I ( 6 1  = F I ( b )  +GENVEL(4)* (GENVEL(3)*CGHASS tM~+2.O*CGMASSfMl 
1 'GENVEL( INDEXY) ) -GENVEL(5 ) * (GENVEL(E)C:G3f iSS(M~+2 .0  
2  *CGMASS(t+) *GENVEL(INDEXY-I)) 

F I ( 1 )  = ( X I 2 t M l  - X I l ( M )  +CG.lASS(M)*(XBARCM(l M ) * * 2  
1 -XBARCM(2. H ) * + ~ ) ~ - G E N V E L ( ~ ) * G E N V E L ( ~ ~ - S G ~ A S S ( M )  
2  *XBARCM(Z.N!*XBARCM(3 H)*GENVEL (1 ) '5ENYEL(4)+2 .0  
3  WGENVEL ( ~ ) * L . G M ~ s s ( M ~ + ~ x B A R c H ( ~ .  H ~ * G E N V E L ( I N O E X Y )  
4 +XBARCM (1.M) 
5  * G E N V E L ( I N D E X Y - l ) ) - G E N V E L ( 5 ) * t X I l ( M l  + X I 3 ( M J  - X I 2 ( M l  I *  
5 GENVEL(INDEXY+ll+GENVEL(4)*(X I 2 ( M )  + X I 3 ( M )  - X I l t H )  



7 I +GENVEL(INDE*XY+2I+FI  (1) 
9 -2. O * G E N V E L ( 4 ) C C G r A S S ( M ) C X B A R C H ( l l M ) * G E N U E L l I N D E X Y + Z l  
9 - 2 .O+GENVELI5 l *CGMASS(M)  +XBARCN(2 ,Y$tGENVEL( INDEXY+2)  

F I ( 2 l  = - G E N V E L ( l l * t G E Y V E L 1 3 l * C G M A S S ( H l  +2.0+,G4ASS(Ml 
1 +GENVEL(INDEXYI)  t F I  12 )  
2 + G E N V E L ( 5 1 * ( G E Y V E L ( 6 1 * C G M A S S ~ M l t 2 2 0 * : G Y A S S ~ M l +  
3 GENVELt INDEXY + 2 )  ) 

F I ( 3 l  = G E N V E L ( l ) * (  CENVEL ( 2 1  +CGMASS(M)+2.O*:GM4sS ( H I  
L 'GENVEL ( IYOEXY-11 l + F I  (31 
2 - G E N V E L ~ 4 ) * ( D E Y V E L ( 6 l * C G M A S S ~ M l + 2 . 0 + ~ G ~ A S S ~ M l *  
3 GENVEL(INOEXY+ZI ) 

F I ( 4 )  = CGHASS(Ml*XBAR:N(2 M ) + X B A R C H ( 3 ~ M l + ( G E N U E L ( l ~ + * 2  
L -GENVEL (sI++z)+ (XIS (H) -x12 ( M ) + c G ~ ~ s s ( ! )  
2 * ~ X B A R C M ~ 2 ~ N ) + ~ Z - X B A R C M ~ 3 ~ M l + + Z l ) ' & E N V : L ~ 1 l * G E N V E L ~ 5 ~  
3 +GENVEL( i ) *CGNASS(M)*XBARCM(3  N)+GENVEL(INDEXY-1) 
4 - ~ . ~ * G E N V E L ( ~ I ~ C G H A S S ~ M ~ * X B A R ~ M ~ Z , ~ I * G E N ~ E L ~ I N D E X Y - ~ I  
5 * 2 . O + G E N V E L ( 4 l * C G M A S S ( M l * X B A R C M ~ 2 , M ~ + G E N U E L ( I N D E X Y l  

; - G E N V E L ( i l C ( X I 1 ( M l  + X I 2 ( M )  - X I 3 ( M )  ) *  
G E N V E L ( I N D E K Y * 2 ) t G E V V E L ( 5 I C ( X I i t M l  t X I 3 ( H l  - X I 2 ( N ) l +  

3 GENVEL( INDEXY-2 I+F I (41  
3 +2.O+GENVEL(4) +:GMASSCMl+XBARCli (3,n) 'GENUEL(INDEXYt21 

F I ( K 3 O F I  = F I P S I ~ M ~ G E N J E L ~ I V D E X Y + I ~ s G E N V E L ~ I Y O E U Y + 2 l ~  
KODF- KDOF+i 
F I ( K 3 O F )  = F I X J  tCGiiASSIH) , X B A R C H ( 1 s H B , X B A R C M ( 2 r f l )  

I XBARCH(S*Ml sGEYUEL(1NDEXY ). GENVEL(INJEUY+~) ) 
KDOF = K D O F + I  
F I I K O D F )  = FIYJ(CGMfISS(M1 XSARCM(1 M l  *XBARCM(2rt i )  .XBARCM(31Y) 

I GENVEL~INDEXI-11 .~ENVEL(IN~EXY+ 3 ) )  
KOOF= KDOF+I 
F I ( K D  OF1 = F I P H I J ( M . G E Y V E L ( I N O E X Y + 2 l .  GENVEL(IN3EXY-211 
KDOF= <DOF+i  
F I ( K D D F I  = F I T H E T ( M , G E Y V E L ( I N O E X Y + l ) , G E N V E L ( I N 9 E X Y - 2 I )  
LOOF= <DOF+l  
F I I K D D F ) = F I Z J l C G N A S S I M I  ,XF$ARCNli MI ,XBARCM(Z.HI .UBARCil(3,Hl. 

L GENVEL (IND MY-1) .GENVEL~INDEXYB) 
KDDF= lKOOF+I 
n = n t i  

3 0 0  INDEX V=INOEXYt6 
C 

RETURI'I 
END 

RFCRGE 



SUBRJUTINE SETA 
r n I s  SIR SETS UP THE ALPHAS K P ( O )  P(INF). 
I T  ALSO COMPUTES THE SPEED 6~ +HE S H ~ C K  O I F F R A Z T I N G  AROUNO 
FACE (4 ) .  
COMMON/BLAST/ A.AOrROir A02 tALTrAOrCOSAtOELTP .lCBLASTrPIMPrP 

1 PSrPSOESTrPS &?O QIHP,QO RANGE RANGEH SF ( 5 ) r S I N A r V S r H 1 Z  
COMMON/LOAO/ A L ( ~ {  ~ 6 ( 6 ) r E ~ ( b )  E P ( ~ ) . D ~ J C O O E ( ~ )  

1 E E F 1 4 r 6 ) . I I S  IS, J I R ( 1 6  ~ . ~ ) . ~ O E B U G ~  K T S ( ~ )  r l ( ~ b ~ r  
2 N P S ( ~ ~ ~ ) ~ P I ~ ~ S I N F ( ~ ) ~ P S ! ~ ( ~ ) ~ S ( ~ ~ ~ ~ . ~ ) ~ S I G ( ~ )  r 
3 S I 1 1 1 6 ~ 6 ~ 4 ) ~ S I 2 ( 1 b r 6 ~ 4 ~ ~ S I 3 I 1 6 ~ 6 ~ 4 ~ t S I 4 ~ 1 6 ~ 5 ~ 4 ~ ~  
4 S J 1 1 1 6  6 9 4 ) 9 S J 2 ( 1 6  6.4) S J 3 1 1 6 9 6  4 )  S J b ( i 5 r S t 4 ) r  
i T) (16,&,4) . ~ ~ ( 6 ) , ~ 6 3 x ( i b v b t 4 )  * Y B ~ X  (16.694)  * 
5 zaox( i6 .6 .4 ) .  r0Lns.r 

A = RO*PI / IBO.  
COSA = COS(A) 
S I N A  = S I N ( A )  
A L ( 1 )  = Af!S(A) 
P L ( 2 )  = P I - A L I I )  
A L ( 3 )  = P I / 2 .  - A 
A L ( 4 )  = P I - A L ( 3 )  
A L ( 5 1  = P I / Z .  
A L ( 6 )  = A L l 5 )  
A 1  = SaRT((8.*Z+7.)*(  2.*Zt7.1/ ( 7 . * ( 7 7 t 6 6 C Z ) ) )  
A2  = SQRT((Z+1. l * lZ+7 ' . ) /  16.+2+7.) 
WH = 5 .0 *Z*AO/SQRTl7 . ' * ( 7 .+6 . *Z ) )  
CKK = . I  + .07 /Z  
0 0  1 1 0  I = t  6 
C A L L  O R A G L ~ A L I I  ).:PII)) 
PRB = 0. 
WF = 0. 
AA = I. 
S I S I I )  = (-1.0)**1 
C K ( 1 )  = CKKC(1. - (AL(II-PI/2.)'0.2CZ/(PI/2.)) 
P S I N F  (1) = PSO 
0D:OOElI) = 1 
EE = 1.0 
I F  (ALII) .GT.PI/E. + l .E -6 )  GO TO 1 0 5  
P S I N F C I )  = PSO + Z.'CP(I)*QO 
I F  (CP(I).GE.O.O) P S N F ( 1 )  = PSO 
C K ( I )  = CKK 
AA = A 1  
PRB = PR 
EE = 0. 
WF = 2. 
I F  (AL(I).LT.P1/4.) GO TO 1 0 5  
A A  = A 1  t (AL(1)  - P I / 4 . ) * l A 2 - A 1 I / ( P I / 4 . )  
P i B  = o!? ll.-Pi)*(AL(I)-PI/4.)/(PI/4.) 
WF = - ( A L ( I ) - P I / k . ) / ( P 1 / 4 . )  + 2.0 
A 6 ( I )  = AO*AA 
PSOO(1) = PRB*PSO 
HG(1)  = WFCWH*SINA 
I F  (:P(I) .LT. O..AYO.ALlI) .GT.PI/Z.+l.E-6) 00:ODE 
I F  ILL ( I ) .LT .P I /b . )  EE = I .O-AL( I ) *6 . /P I  
E E F ( 1 . I )  = 1.0 
E E F l Z  -1) = 1.0 
EEF(3 . I )  = 1.0 
EEF(4.1) = 1.0 
GO TO ( 1 0 7 ~ 1 0 7 ~ 1 0 8 ~ 1 0 9 r 1 1 0 ~ 1 1 0 ~ ~  I 
I F  th.GT.0.) EEF(1 . I )  = E E  
I F  (A.LT.0.) EEF(3. I )  = EE 
GO TO 1 1 0  
I F  (1.GE.O.O) EEF13.1) = EE 
GO T3 1 1 0  
I F  (L.LE.O.0) EEF(1.1) = EE 
CONTI  NiJE 
COUP3 1: S-BAR. 
0 0  1CO N=I.NBOX 
D O  1 4 0  I = 1 . 6  
NPSS = N P S I I  N) 
I F  (NPSS.EQ.!) GO T3 1 4 0  
AA = A 6 ( I )  + HG(1) 
L B  = A b ( 1 )  - WGI I )  

EACH 

'R 9 

SETA 





SUBROUTINE SFORCE(FIrHrKOOF.INOEXYl 
C 
C SFORCE CALCULATES NON-PCCLERATION I N E R T I A  FORCES FROM 
c SHELTER MASS. 
C 

COMMON/CALC/ BETA(3 31  r C R I T ( 5 l  OCGr DC GO DOMIYrDVELr  
1 F n E P O t 5 0 )  FORCE~~OI G E N A C C ( ~ O ~ ~ G E  0 ~ ( 6 0 1  GENVEL(50 l  ~ K T I R E I  
? P I T C H  PT l i f A ~ ( 5 )  R O L ~  T I M E  TMINIXB!~M(~~I~I YAH 

COHHDN~D~TAIN/ c ~ n h s s ( i ~ 1 , ~ ~ 6 o s c 3 , i 3 1  ,DAMPF(~O;I  sDAMPV(600). 
1 DELTIM.ENDT1 N,G.GS ( 2 1  , ISDAMP(50) ,M O I M O P ~ N P O P ~ P ( 5 O ) r S L O P E  
2 X I Y Z  X I I ( 1 3 l  X I 2 ( 1 3 l  X 1 3 ( 1 3 l  OELTX D U T Y 1  D D R T s D P R T l  E N D ~ X  

C O M M O N ~ ~ P T I O N /   OPT JGI~PH~KAXL€I(Z) r ~ b , ~ ~ ~ ~ r ~ 8 ~ ~ s  K O A M ~ K E ~ K G U  1 ~ 1 r  
L K~~IR~.KRACKS.~R\GID,  KSHELT KWIRES M A S S E S  MIOF~YSPRNG. 
2  N h S P P ( 6 l  ~NCALL~NCASI~NJO~~N~UT.NPRINT~NRS~R(~~ ~ N S P R N G ~ N T P I A L ~  
3 XBOGIE(2 I  I O O ( 4 0 )  

DIMENSION F I ~  11 
C 

F I Y J (  XWJ,XLJ.YLJrZLJ,G1(OOTJrGZOOTJI = X H J C ( G E ~ ; ~ ~ ; ~ ; ~ f ; ; Y $ \ ~ ; I  - Y L J  
1 
2 ::~$!::::~!(xLJ*GENVEL(~)+ZLJ 
3 *GENVEL( i l I + 2 .  O*GENVEL( l ICGXDOTJ)  
4  - X H J * G E N V E L ( 4 ) * ( G E N V E L ( b I + 2 . 0  
5 'GZDOT Jl 

FIPHIJ(J IGOTHET.&DPSI l  = ( X I 3 ( J l  - X I Z ( J I ) * ; E Y V E L ( I I  
1 CGENVEL(5 l - (  X I  I ( J I  + X I . ? (  J) - X 1 3 ( J l l C  
2  GENVEL( I I *GOTHET + ( C I l ( J l  + X I 3 ( J ) - X I Z ( J I 1  
3  +GENVEL(5 l  +SOPSI  

F I P S I  (J,GOPHI,GDTHETI = ( X I  2 (  Jl - X I 1 1  Jl lCGENY E L ( ' r l  
L r G E N V E L ( 5 l - ( K I L t J l  t < I 3 ( J l  - X I Z ( J l l *  
2  GENVEL<5 l *GOPHI  + ( X I Z ( J l  + X I 3 ( J l  - X I I ( J I l '  
3 GENVEL ( 4 1  *GOTHET 

FIZJ(KHJ.XLJ,YLJ.ZLJ GXOOTJ G Y D O T J l = X M J ~ ( G E N Y E L ( l l * ( X L J * G E N V E L ( 4 l  
1 + YLJ+GENVEL(Sl ) -$LJ* (GE~VEL(CI * *~+GENUEL(~ I  * * 2 l  +GENVEL(4) 

- ? l ( G E N v E L ( ~ I  +Z.O*GYDDTJl -GENVEL(511(GENVEL(?l  +2.0LGXOOTJ) I 



FIiKDOF) = FIPHIJ(M~O.O~GENVEL(INDEXY-1)) 
KOOF= K9OF+l 

1 
F I ~ K D O F ~ = F I Z J ~ C G M A S S ~ M ~  xeaRcnc1.n) *xeaRcncz,nt , c s n ~ c n c 3 , n ) ~ o . a  

n = n + t  
.GENVELIINDEXY~ 1 

UDOF = KDOF+l 

C 
INDEXY=INOEXY+S 

RETU3N 
END 

SFORCE 



SUBROUTINE SOLVE ( A t N t N D I H ~ Y O E T t I P ~ O E T ~  

A = O R I G I N A L  HATZrX. 
N  = ACTUAL DIMENSIONS OF A. 
N D I H  = DECLARED D I t I E N S I O N  OF A  I N  C A L U  
NDET = OETERHINENT CODE. 

0  = NOT CALCJLATED. 
1 = CALCULPTED. 

I P  = INDEX OF K-TH P I V O T  Ron. 
DET = DETERHINENT OF A. 
B  = RIGHT HAND S I D E  VECTOR. 

REF-  - COMMUNICATIONS I F  THE ACH. APRIL  
AND PAGE 274.  

DIMENSION A  ( N D I M . N O I H ~ r  I P  ( N D 1 H ) ~ B C N D I M )  

0 0 " l  I = K P I  N  
I F  ( I B S I A ( ~ . K ) ) . G T . A B S ( P ( M , K ) ) ~  H = I  
CDNTI  NUE 
I P ( K 1  =Y 
I F  (M.NE.K) I P ( N )  =- I P ( Y )  
T = A ( I  K l  
A ( ~ ~ . < ~ = A ( K . K )  
A(K.K)=T 
I F  (T.EP. 0.0) GO TO 5 
DO 2 I = K P I  N  
A(I,K)=-A(£,K)/T 
DO 4  J=KPI.N 
T = A ( n  JI 
A (M.JI=A(K,J) 
A (K.J ) = T  
I F  (T.EQ.0.0) GO r 0  4 
DO 3 I = K P l . N  
A ( I . J ) = A ( I I J ) + A ( I , K ) ~ T  
CONTINJE 
I F  (a  (K KI.EQ.O.0) GO TO 1 5  
CONTI N J ~  
I F  INDET.EQ.0) GO TO 11 
D E T - I P ( N 1  
DO 10  I = I . N  
DET=DET*A (1, I) 
I F  (N.EQ.1) GO TO 1 4  
N M l = Y - 1  
DO 1 2  <= i .NHi  
KP1=U+1 
n=rpc K) 
T=B(M)  
B ( t I ) = B I K )  
B ( K ) = T  
DO i t  I = K P I . N  
B ( I ) = B ( I ) + A ( I . K ) + T  
DO 1 3  KB= i .NHi  
KMl=N-UB 
K = K M l + I  
B ( K ) = B ( K ) / A ( K , K )  
T=-B( K l  
DO 1 3  I = l . K H l  
B ( I ) = B ( I ) + A ( I . K ) + T  
B ~ i I = B ~ l ~ / A ~ l ~ i ~  
GO 1 3  1 7  
U R I T E  (b 1 6 )  
F D R H ~ T  (ISHOSINGULAR W~TRIX IN SIR SOLV 
N = a 

SOLVE 



SUElR3 U T I N E  SUMARY 
C  
C 
I- 

OUTPUT MINIMUM-MACIWM INFORMATION 
" 

:OPlMON/CALC/ BETA 6 . 3 )  CRIT(5 )sOCGs OC60tDOHIN. DVEL 
1 F I E P O ( 5 O )  FOPCE( 50 ) r  G ~ N A C C ( ~ O ) ~ G E N D I S ( ~ O ) ~ G E N V E L ( # O I  .KTIPE, 
? P I T Z H  P T R ~ A L ( ~ )  ?,OLLITIME.TMIN XBARJM(3, 3 )  1 4 H  

CO~'IM~N/M~XMIN/ A M A ~  (50 ) .  A H I V ( 5 0 )  , ~ N G L E ( ~ ~ )  61~119 ,6 ) ,  
1 C I Q ( ~ ~ . ~ ) ~ C P S I Q ~ ~ ~ . ~ I . C P S O ( ~ ~ ~ ~ )  . c R K M ( ~ ~ , ~ ~ , o M A x ( ~ o ) ,  
2  O H I N ( 5 0 ) r I F L  (19.61 .JMAX <MAX~SMAX( iOOb S U I N ~ I O O I ,  
3 T I M A X ( 5 0 )  T A M I N ( 5 0 )  T O H ~ X ( ~ O )  T D M ~ N ( S O ~ , T S M ~ X  ( 1 0 0 ) .  
4 ~ ~ n 1 ~ ~ i o o i . r v n ~ x ~ 5 o ~ . ~ v n 1 ~ ~ ~ o ~ . v n ~ x ~ ~ o ~ , v n 1 u ~ ~ o ~ .  
5 Y I E L O ( 6 )  

q C ONMON/OPTION/ IOPT JG34PH. Kl lXLB(2) KAXLES. K30;r KOAM K E R R I K S W I I ~  9 
1 KfiWIR2 KEACKSIYR~GID.KSHELT <HIR~sMASSES MDOF.MS~RNG. 
2 NLSPR(&)  r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ d ~ ~ 1 ~ ~ ~ f ~ ~ . ~ ~ ~ 6 ~ ( 3 ~  .NSPRNG.NTRIAL, 
3 XBOGIE(2 )  .IOO(4O ) 

5, ti - WRITE (6.1) 
; 
C  

OOF 

H R I T E  (6.2) 
HRITE (6.5) 
DO 1 0 0  INDEX=I.NDOF 

1 0 0  WRITE (6.3) INC€X.OMAX(INDEX) ,TOMAX(INOEX) ,9MIN( INOEX)  9 

P 
1 ' TOMIH(1NDEX) 

" 
WRITE (6 .41 
WRITE (6.5) 
DO 2 0 0  INDEX=I.MOOF 

2 0 0  WRITE (6 .3)  I N O E X . V H A X ( I N D E X ) ~ T V M A X ( I N D E X ~ , V M I N ~ I N D E X )  
P 

1 T V H I N ( I N D < U )  
" 

WRITE (6.6) 
WRITE (6 .5)  
DO 300 INOEX=l.MDOF 

3 0 0  WRITE ( 6 9 3 )  I N O E K . A M A X ( I N D E X ) * T A f l A X (  INDEIO t A M I N ( I N 0 E X ) .  
1 TAMIN( IN0EX)  
IF !UPSSES;EQ.i! 7 0  5 0 0  

C 
WRIrE  ( 6 . 7 )  
OD 4 0 0  I N D E X = I  MSPRNG 

4 0 0  W R I I E  (6 .8)  I ~ E K ~ S M A X ( I N O E X ~ , T S ~ A X ~ I N ~ E X ~  ,SMIN( INOEX),  
- 1 TSMIN( IN'OEX) 
L 

5 0 0  C R I ' I ( 1 )  = DDMIN/DCGO 
I F  IDVEL.GT.0.) W?ITE ( 6 . 9 )  OVEL T H I N  
I F  1DVEL.EQ.O.) WRITE (6.10) OCG~~ODMIN~T~IN~CIIT (1) 
I F  (TMIN.EQ.TIME.ANO.'OYEL~EQ.0.0) WRITE ( 6 ~ 1 1 )  

C  
RETIJRN 

r. 

- 
1 F O P f I l  T  ( / /EOH SWMAHY INFORMATION//)  
2  FORIII\T ( 1 4 H  OISPLPCEMENTS,/) 
5  FORIIAT ( 5 H  OOF .5(1H. ),THMAXIMUM,T(lH.) 
1 4 H T I M E v 2 X  b ( iH .1  THMINIMW.B(~H.~~~HTINE, / )  

3  FOR19LIT ( 1 4 r 2 ~ 1 3 . 6  1~.2:13.5) 
4  FORtIP T  C IIHOVELOS~ TIES./ ) 
6  FORt I IT  (14HOACCUERATI3NS. / )  
7  F O R I I I T  (22HOSPRING MAX OEFLECTIO&,T(lH. I ,  4HTIYE.4 (1Ha 
1 1 l t d M I N  OEFLECTI3N.5 (iH.).4HTIHE./) 

8 F O R t I I T  (17.2X 2E13. 5,3X,2E13.5) 
9 FORIIAT CI~HOV~IICLE OVERTURNED/ 
1 i l t H  VELOCITY = E15.6/14H T IME 

1 0  FORtIAT (25HOVEHICLE REMAINED UPRIGHT/ 
= E i 5 . 5 1  

1 2  I N I T I A L  C; D ISTaNCE = E15.6/ 
2  2 4 , ~  n I N I n u n  CG DISTANCE = ~i5.61 
3 e58H T I M E  OF M I N I H V 4  
4 25H C R I T  

= E15.6/ 
= E15.6) 

11 FORPILIT (78HOiCC UARNING - HINIMUM CG OISTANCE 3CCURREO 

) .  

AT LAST I N T  



I E G R A T I O N  T I f l E  STEP * * r l  
END 



ti 
I F  (N.-i) 5 0 r  2001800  

C ONLY IINOUGH TABLE S FACE FOR 6 YIELDS AND 1 9  PNiLES.  
5 0  J n 4 X  := 0  

KMPX := 0  
I F  tKllbN.EQ.0) GO TO 150  
DO 1011 K=1.6 
0 0  1011 J = i 1 1 9  
CPSOOJ1Kl = 0. 
C IQ (J . tK )  = 0. 
CPS1PIJ.K) = 0. 
C IP I J . ,K )  = 0. 
CRI0ItsI.K) 0. 

1 0 0  I F L ( J . , Y )  = KFLAG(1) 
r- 

1 5 0  RETUXI4 

DO 4011 JJ=I.JCAX 
J = J.1 
I F  (AIUGLE(JJ).EQ.AOl GO TO 5 0 0  
CONTI IJ9E 
JNAX := JMAX + 1 
J = J114X 
ANGLE I J N A X I  = AD 
DO 6011 KK = I rKCAX 
K = KI< 
I F  (I:[ELD(KK).EQ.Lo GO TO 7 0 0  
CONTI INUE 
KMLX := KMRX + 1 
K = KI l f iX 
Y IELD  IKMAX) = H 
RETURll 

I F  (J114X.EQ.O) GO T C  9 0 0  
I F  (KIIQQ.GT.0) I F L ( J 4 K I  = KFLAG(2)  
I F  (KllY.NE.1) I F L t J  K )  = KFLAG(2) 
I F  ( T I I I N ~ E Q ~ T I M E . A N ~ ~ ~ D V E L ~ E Q . ~ . ~ ~  1FL l J .K )  
CPSO( .JsKl = PSO 
CIP(JIK) = Q I n P  
CPSIP 1J.K) PSOCPINP 
CRKE(( .J.K) = RANGE4/1OOO. 
CIP~J.,K) = PIMP 
RETUSll  
END 



SUBROUTINE TIRES(XSZ.'GF) 
C 
c SUBROUTINE T I R E S  F I N D S  THE SENERALIZED T IRE F0I:E 

-".,v*L.L, ...".Y", 

) M ~ ~ O N / S P R I N ~ /  FOFX ( 6 0 0 )  .JCURVE(52) vMAXSPR*NPPC(52) 
x u n  n t 

- c o M ~ ~ ~ - ? ? I R E c /  CN C 1 N T I R E S ( 6 )  1NTSPRN W T L X ( 3  6 1  vTLY (6) T L Z ( 6 )  r U  
COMMON / T I R S A V /  D E L T ~ X ( ~ . ~ , I ~ ) . D E L T N I I ~ ~ ~ ~ ~ B ~  t ~ ~ ~ ~ ~ ( 2 , 1 ~ ~ ,  

1 D T T N I i 2 . 1 8 ) r S L I D ( 2 . 1 8 )  
ti 

OIMENSION G F ( 1 )  
DIMENSION BATA(3.3) 
DIMENSION A ( 2 ) . A N ( 3 ) . B A T A T ( 3 * 3 ) , C K ( 2 )  D E L T D ( 3 ) r D I F ( 3 ) r E ( 3 ) . E U ( 3 ) .  

1FORB1 3).GtlAT(3.2) GHSQ(3.3) GVN(3)  G V ~ ( ~ ) . H W < ( Z )  ~ P O S O ( ~ ) . R N < ( ~ ) .  
ZTGS(2)  V B ( 3 )  X T B A A ~ Z ) ,  YTBARI~) .ZTBAR(  2) 

DIMENS~ON 0013)  G V T J I ~ )  E U F ( 3 )  
p EQUIY hLENCE (BE~~(I.II.BATA(I.~)) 
c" TRANSP3SE BETA MATRIX. 

DO 20 I D = l * 3  
DO 20 I E  = 1.3 

2 0  BATAT ( I D I I E )  = 8 A T A ( I E I I O )  
DO 50 ID=I.HDOF 

5 0  GF( I D )  = 0.0 

r 
I F  (KTIRE-GT.01 G3 TO 8 0  



I?(G~(~).EQ.GS(Z)~ N K = l  

80 I T  = 0  
r L r 8  = 0. 
DO i l l 0 0  I A  = 1.KAXLES 
I Q P A  = 5 + 2 * I A  
f~b, r , i9~- :1. .  
r r  r n ~ n > > c ~ . r r l . l l  i L i 6  = T L Y t I A )  - XBARCH(2.14t11 
N T T = N T I R E S ( I A )  
0 0  1 0 0 0  NT=l.NTT 
I T  = I T  t 1 
T L X B  = T L X ( N T r I A )  
CALC3L4TE CENTER WHEEL P O S I T I O N  
DO 1 0 0  IROL=1.2 
I F (  IROL. EQ.2) TLXB=-TLXB 
O I S X -  TLKB-TLYB*GENOIS( IZRd)  
O I S Y ~ G E N O I S ~ I Q Y A J  t T L Y  I I A 1 + T L X B C 6 E ~ 0 I S ( I  RA) 
X T B A R ( I R 0 L )  = XCBAR * B 4 T A ( l . l ) * O I S X  +BA?A(1.2) '0 ISY 

I B A T A (  1 3 )  + T L Z ( I A )  
Y T B A R  ( ~ R O L )  = YOBAR tBATA(Z . l )+OESX +BATA(PI2 ) * O I S y  

I B A T A (  2 * 3 ) + T L Z ( I A J t R I ( - T L Y  (11) 
Z T B A R ( I R O L 1  = ZOBAR + B 4 T b ( 3 ~ 1 1 * 0 I S X  + B A T A ( 3 * 2 ) * O I S Y  

1 t 8 9 T t  ( 3 . 3 ) + T L Z ( I A 1  
1 0 0  CONTINUE 

I F  ( I A - N E - 1 1  GO TO 1 2 0  
I F  (NT.NE.NTT1 GO TO 1 b 0  
OX = -BATAl i .Z )  'RU 
0 2  = -BATA(3,21*RI 
X T B ( l 1 = X T B A R ( 1 )  + O X  
XTB(Z)=XTBAR!21 + D X  
Z T B t L ) = Z T B A R I l )  t DZ 
Z T B I Z ) = Z T B A R ( 2 1  t OZ 
X T B ( 5 1 = X T B ( l )  
ZTB15 ) = Z T B ( i )  
GO TD 1 4 0  

1 2 0  I F  (I I.NE.KAXLES1 GO T3 1 4 0  
I F  ( I T - M E - N T T )  GD TO 1 4 0  
X T B I 3  1 = X T B A R t 2 1  t OX 
XTB(4  ) = X T B A R ( I I  t OX 
Z T B ( 3  1=ZTBAR(2)  t OZ 
ZTBCC ) = Z T B A R ( l )  t OZ 

1 4 0  CONTIN3E 
CALCUI-ATE HEIGHT OF WHEEL ABOVE GROUND 
O I F ( 1  I = XTBARf 2) - X T B 4 R ( l l  
O I F ( Z  1 = YTBAR(21 - Y T B 4 4 ( 1 )  
O I F ( 3 : I  = ZTBAR(21  - Z T B 4 R ( i )  
AL = !SQRT(OIF( l ) * *Z  + D I F ( 2 1 + * 2  t O I F  (31+*21  
X I  = l ) I F ( i ) * C E  - D I F ( 3 1 * S E  
TLXB :: TLX(NT. IA)  
0 0  10110 I R O L = l r Z  
I F  (IIZOL.EQ.2) TLXB = - T L X B  
FTO = 0.0 
KOFK ::i 
DO 2011 IK= l .NK 
C K I I K I  = AL/SQRT(AL**2*(1 .0  + T G S ( I K 1 * + 2 )  - ( D I F ( Z I  

I - T G S (  ]:lo * K I ) * + 2 1  
HWKf I I : )  = (YTBAR(1ROL) - T G S ( I K ) *  (XTBARt  IROLJ*CE 

I - Z T B I I I t ( I R O L ) * S E )  - A ( I K )  ) * C K ( I K )  
2 0 0  CONTI IlJE 

HH = t I d K ( 1 )  
Z i i N K . E P . i i  60 TO 225 
I F  (SS:(Z).GT.GS(i1) GO TO 2 1 0  
I F  (Hh1K(l).GE.HWK(21) GO TO 2 2 5  
GO 7 3  2 2 0  

T I R E S  



2 1 0  I F  (HY<(I) .LE.HHK(Z)).  ;O TO 2 2 5  
2 2 0  HY = HYK(2)  

KOFK =2 
C CALC3LPTE T I R E  NOTMAL 3EFLE:TION 

2 2 5  OELN = HW -RW - 
ti 

IF(DELN.LE. 0.0) GO TO 2 7 5  
S L I O ( I R O L , I T I  = -1. 
OTTNl  (1ROL. IT )  = 0. 
fJp 7%" Ti-,=*- '  

Dl 
2 5 0  CONTINUE 

GO TO 1 0 0 0  
2 7 5  CONTINUE 

E CALCULPTE BOOY-AXIS COMPONENTS OF U N I T  GROUNJ 
SURFACE NORMAL VECTOR 
C A L L  MULT ( B A T A T . i M A T ( l . K O F K ) . R N K ~ 3 ~ 3 ~ 3 ~ 3 ~ 1 )  
I F  (1IWE.GE.O.O) G O  TO 3 0 0  
I F  (IOPT.EQ.1.OR.IP.G'T.t) G3 TO 4 0 0  
I F  (HASSES.EQ.1) GO TO 4 0 0  
GO TO 3 2 5  

C CALCUL4TE WHEEL VELOCITY COIlPONENTS I N  BODY 4XES. 
3 0 0  VB(1 )  = - ( T L Y  ( I A I - R Y ) * G E N V E L ( l )  + GENVEL(2) + T L Z ( I A ) * G E N V E L  ( 5 1  - 

1 (TLYB-RH)*GENVEL( IPRP) 
V B ( Z )  . - . = T L X B * G E N V E L ( ~ ) + G E N V E L ( ~ ) - T L Z ( I A ) * G E N V E L ( ~ ~ * T L X B * G E N V E L ( I ~ R P ~  - . - - . . - . 

C 
C CALCUL4TE WHEEL VELOCITY NORMAL TO GROUNO &NO BODY A X I S  
C COMPONENTS THERE OF 
C 

GVNT = R N K ( I ) * V B ( l I  + i N K ( Z ) * V B ( 2 )  4 RNK(3) 'UB(31  
DO 31  0 I J = 1 . 3  
G V N ( I J )  = R N K ( I J ) * G V N T  

ONTI  N$E 
C 310 E A L C ~ L P T E  BOOY-AXIS COYPONENTS OF WHEEL VELO: I T Y  PARALLEL 
C TO GROUNO AN0 TOTQL VELOCITY 

DO 3 2 0  I J = i  3 
3 2 0  G V T ( 1 J )  = ~6t1.i) - G V N f I J )  

I F  (IOPT.EQ.l.OR.IP.GT.1) GO TO 360  
I F  (MASSES.EQ.1) GO TO 3 6 0  

C 
C FO2 FRONT AXLE. TRU3K ONLY. 
C 
C CALCULPTE COHPONENTS 0: U N I T  VECTOR I N  GROUNI PLANE 
C NORMaL TO INTERSECTION OF UYEEL PLANE 4ND GR3UND PLANE. 
C CALCUL4TE COUPONENTS OF VECTOR I N  AXLE DIRECT ION 

3 2 5  C A L L  MJLT (BATAT.DIF*AMr 3 3.39311) 
c C A L C U L L T E  THE DOT P R O O U C ~  OF THE A X L E  V E C T O R  A Y D  THE 
C SURF& CE NORMAL VEZTOR 

AN = P M ( l ) * R N K ( I )  + A M ( Z ) * R N K ( 2 )  + AH(3)*RYK( 3) 

CALCJLPTE THE COMPONENTS OF THE VECTOR I N  D E S I i E D  
C O I R E ? T I O N  AN0 MAGNITUDE OF E VECT3R 

ENAG = 0.0 
0 0  3 3 0  I I = 1 . 3  
€ ( I 1 1  = R N K ( I I j S A N  - # H ( I I )  
EMAG = EHAG + E ( I I ) * * F  

3 3 0  CONTINUE 
ENAG = SQRTcEHAGl 

C 
c CALCULATE DESIRED U N I T  VECTOR, BODY AXES (EU) AYD F I X E D  AXES (EUF). 
C 

DO 3 4 0  I I=1 3 
E U I I I )  = E(~I)/EMPG 

3 4 0  CONTINJE 
0 0  3 4 5  11 = 1 3 

3 4 5  E U F ( 1 I )  = BATA(II l ) * E U ( I )  + B A T A ( I 1 9 2 ) * E U ( 2 1  * B A T A ( I I * 3 ) * E U ( 3 )  
I F  (1IqE.LT.O.O) € 0  TO 4 0 0  

C 
C CALCULPTE THE MAGNITUDE OF COMPONENTS OF THE-WHEEL 
C VELOCITY PARALLEL TO GT3UND I N  DIRECTION OF c VE:TOR 

GVTT = G V T ( l I * E U ( I )  t G V T ( Z ) * E U ( 2 )  4 G V T ( 3 ) * E U ( 3 )  

T IRES 



C  CALC:ULATE BODY AXIS CONPONENTS OF GVT 
0 0  2150 I I = 1 . 3  

3 5 0  G V T 1 I I )  = E U t I I )  + GVTT 
GVTT=ABS(GVTT) 

m 
GO 1'3 3 6 5  

i - FOR I L L  OTHER AXLES. 
G V T l  = G V T ( 1 ) + + 2  + G V T ( 2 ) * + 2  t GYT13)+'2 
G V T l  = SQRT(GVTTI 
VT = GVTT 
I F  (UT.EQ.O.0) VT = 1.0 
0  = DTTNl (1ROLp IT)  
I F  ID.EQ.O.0) 0  = 1.0 
DO ;17O 1 0 = l r  3  
OO(1D) = O E L T N i I I D  I R O L  I T ) / O  
G V T I ) ( I D I  = (BATA(I~.I')*~VT(I) t B A T A ( I O p Z ) * G V T (  

L ~ I I T A ( I O . ~ ) + G V T ( ~ )  ) / V T  
F I N [ )  NORMAL SPRING FORCE FROM DEFLECTION OELN 
CONTI NU€ 
I .  I Y T l ( O E L N p N X p K ( J P )  pFOFX( JP).FN) 
F N  =: FN/CK(KOFK) 
F I N [ )  TPNGENTIAL SPRING FORCE ON THE T I R E  
CAL[:ULLTE MAXIMUM TANIGENTIAL SPRING FORCE 

i : r i  = 0. 
I 0  7 0 0  

LCUL4TE NEH OISPLACE'iENT COMPONENTS. 
,425 I O = l r 3  

L r D ( I D )  = (DTTN1( IROLI IT )  - O E L ~ + O O ~ I O )  t VDrCGVTD 
ID 4 7 0  

R T R I M  ONLY 
L L  MULT ~ G M A T ~ 1 , K O F K ) . G ~ A T ~ l r K O F K ) r G ~ S Q p 3 p i , 3 ~ 1 . 3 )  

k 6 0  I0=1.3 
460  I E = l r 3  

S l l t I E  I D )  = -GMSQIIE 1 0 )  
( IE.E~.IO) GI(SP(IE.I~) = 1.0 +GMSQ(IEIID) 

POSO( i ) = X T B A R ( I R O L )  -TLI(B 
POSO(2) = Y T B A R ( I I 0 L )  -RW 
P O S O I 3 l = Z T B A R ( I R O L ) - T L Z t I A )  
CALL HULT (GMSQrP3SO OELTO. 3 - 3 9  39 31  1 )  
IF (IOPT.EQ.I.OR.IA.~'T.I) GD T O  4 7 5  
I F  (MbSSES.Ea.1) GO TO 4 7 5  

( I D )  

t FRONT LXLEI TRUCK ONLY. 
C  

OELTT = O E L T D ( l ) + E U F ( l )  + O E L T O ( 2 ) + E U F ( 2 )  + D E - T 3 1 3 ) + E U F ( 3 )  
OD 472  I I = I r 3  

4 7 2  OELTO (11) = E U F t I I )  +OELTT 
DELTT=LBS(OELTT)  
GO T3 4 8 0  

C  FOR 4 L L  OTHER AXLES. 
C CALCULLTE OELT 

4 7 5  OELTT = O E L T O ( I I " 2  + l E L T 0 ( 2 ) * + 2  t O E L T O ( 3 ) + * ?  
OELTT - SQRT(0ELTT)  

4 8 0  I F  ( S L I O ( 1 R O L  I T ) . €  -1 .0)  G 3  TO 7 0 0  
c C A L C U L L T E  SPRING FO%E F T  

C A L L  I Y T i  (OELTT NX l p X ( J P l I . F O F K ( J P 1 )  r F T )  
IF (JTi1n.Ea.o) ED TO 7 0 0  

C  I F  FT LE TO F T  MAX ACCEPT F T  
IF(FT.LE.FTMAX) GO TO 7 0 0  
I F  (TIME.GE.O.0) SO TO 4 8 5  

T IRES 



WRITE ( b s l ) F T * D E L T T * F T M A X I U . F N  
KERR = 2 
R E T U i N  

C START S L I D I N G .  
4 8 5  S L I D (  IROL.11) = 1. 

F T  = FTMAX 
C A L L  I N 1 1  ( F T I N X ~ ~ F O F X ( J P I ) . X ( J P ~ ) ~ O E L T M )  
IF !DCLII.EQ.O.) D E L T T  = 1. 
U U  4 Y U  1u = 1.3 

4 9 0  DELT3  ( I D )  = DELTM*DELTD( 1 O ) I D E L T T  
DELTT = DELTM 
GO TO 1 0 0  

C T I R E  I S  S L I D I N G .  
6 0 0  DV = D D ( l ) + G V T D ( l )  + D i l ( 2 ) * $ V T D ( 2 )  + D D ( 3 ) * G V T 3 ( 3 )  

C A L L  I N 1 1  ( F T M A X I H X ~ ~ F J F X ( J P ~ ) ~ X ( J P ~ ) ~ D E L T M ~  
F T  = FTMAX 
I F  (DELTM-GT.VDT) GO 1 3  6 5 0  
DO 6 2 0  ID=1.3  

6 2 0  O E L T I  ( I D )  = VDT*GVTD(ID)  
GO TO 4 7 0  

6 5 0  DEL = D T T N l ( I R 0 L  I T  + DV*YDT - SQRT(DELTM*+? - ( 1.-OV*Z2)CVDT**2) 
C CHECK TO SEE I F  ELIDIN; I S  30NTINUING.  

I F  (DEL.GT.O.0) GO TO 4 1 0  
C S L I D 1  NJ I S  STOPPING. 

S L I D ( I P O L . I T )  = 0. 
DEL  = 0. 
GO TO 4 1 0  

7 0 0  CONTINUE 
C - CALCULATE NORHAL DAMPING FORCES 

2 CALC3LATE TANGENTIAL D 4 M P I N G  FORCE 
I F  ( S L I D  ( I R O L , I T )  .EI. O..AND.FT.LT.FTMAX) FTD = ST'GVTT 

C ,. F I N O  TOTAL FORCES I N  R9DY A X I S  COMPONENTS 

T E R M  =FN-FND 
OD 7 5 0  I O = i  3 
FORB(  ID) = ~ E R M ~ * R N  I(IID) - FTO*GVT(ID)/VT 
I F  (DELTT.EQ.0.) $ 0  TO 8 0 0  
0 0  7 6 0  I D  = 1.3 
D D ( I D )  = D E L T D ( 1 D ) I D E L T T  
C A L L  MULT (BATATsDO rEUr3.313.3.1) 
DO 7 7 5  I D = l  3 
F D R B ( I 3 )  = FORBIID) - F T + E U ( I D )  
CALCULATE THE GENERALIZED FORCE. 
G F ( 1 )  =GF( i t - F O R e ( 1 )  + ( ' T L Y  (1A) -RHI *FDRB(2  ) *TLXB 
G F ( 2 )  = G F ( 2 )  +FORB( l . )  
G F ( 3 )  = G F 1 3 )  +FORB ( 2 )  
I F  (MASSES.EQ.1) SO TO 855 
G F ( 4 ) = G F ( 4 ) - F O R P ( 2 )  * T L Z ( I A ) + F O R B ( 3 ) + ( T L Y ( I A ) - R W )  
G F ( 5 )  =GF(5)+FORB(l)*TLZ(IA)-FORB(3)*TLKB 
G F ( 6 )  = G F ( 6 )  +FORB(3)  
GF(TQRA)=GF(IQRA)+FORB(Z)+TLXB 
I F  ( I O P T  .NE.I) G F ( I Q R 4 )  = SF(1QRA) - F O R B t I I *  

. ( T L Y B  - RH) 
G F ( I 1 Y A )  = GF(1QYA) * F O R B ( 2 )  
SET U P  N - 1  AND N-2  FOR NEXT T IME STEP 
I F  (T IHE.LT-0.0)  GO TO 1 0 0 0  
DO 9 0 0  I D = 1 . 3  
DELTN I( ID.IROL. IT)  = O E L T D ( I 0 )  
D T T N I  (1ROL. IT )  = DELTT 
C O N T I  NUE 
R E T U i N  

ti 
1 FORMkT (1OX 30HTRUCK S L I D I N G  I N  TRIH. ( T I R E S )  /, 

~ ~ ~ K , Z ~ H F O R C ~  (TESTED),  - 
l E 1 3 . 5  t / ,16X,Z lHDEFLECTION (CACC)  =1Ei3.5,// ,15K. 
222HMP K. FORCE = .E13 .5 r / r16X ,  
321HMU ( I N P U T )  =.E13.5./,16X. 21HNORHAL FORCE (CALC) = r  
4E13.5 1 

E NO 

T I R E S  



SUBRIIUTINE T R I M  
C 
C c SUBR:lUTINE TRIM TRIflS THE SYSTEM. 
I, 

COMMI~N/BOTM/ U(PAN1100)  NBOTOn( lO0)  SBOTM(100)  V E L ( l O 0 )  
COMMllN/CALC/ BETA (3.3) ERIT~SI DCG ~ C G O  OOYIY. ~ V E L  

1 F I E i O ( 5 0 )  FORCE( ~ ) . G € N A U : ( S O ~ . G E ~ M S ( % O I  G E N V E L ~ ~ O )  ~ K T I R E ~  
?. P ~ T c H ~ P T R ~ A L ( ~ ) ~ ~ o L L . T I M E ~ T M ~ N , K B A R c M ( ~ , ~ ~ ) , Y A w  

COMMllNICHECK/ JOEBUG 
COMMllN/DATAIN/ CGYASSl131 CGPOS(3 13) DAMPF(b00) DAMPV(6OO). 

1 011LTIM E N O T I M ~ G . G S ( ~ ~ , ~ S O A M P ~ ~ ~ ~  ~ ~ I H o P . N P D ~ ~ ~ ~ ~ o ) . ~ L ~ P E  
2 X I [ Y Z ~ X ~ ~  ( 1 3 )  r ~ ~ 2 ( 1 3 ) . ~ ~ 3 ( i 3 ) . ~ ~ ~ t ~  ~ D E L T K I ~ D P ~ T ~ D P R T ~ ~ E N D ~ X  

COMMllN/OELTAS/ O I S P  U l O O )  
COMMlINIJFTRIM/ JTQIM 
COMMIIN XLAMDA(100 4 4 )  
COMMllNIHOVING/ ~ ~ S A V E ~ ~ O B A R . X S A Y E . K T B  (5 ).YDSAVf r iOBAR.YSAVEr 

1 ZIlShVE ZOBAR ZSAVE Z T B ( 5 )  
COMHI~NIOP~ION/  OPT J~RAPH.KAXLB(Z) KAXLES KBOG KDAM KERR,KGWIQl, 

1 KI ;Y IR~ .KRACKS,KR~GID.KSHELT~KWIR~S MASS~S,HO~F,MS~RNG,  
2 N I \ S P R ( ~ )  ~ N C A L L ~ N C A S E . N J O B . N O V T ~ N P R ! N T ~ N R S ~ R ( ~ )  vNSPRNGwNTRIALr 
3 Xl3OGIE(2) I D O ( 4 0 )  

EOMMI)NISPRIN~/ FOrX ( 6 0 0 )  rJCURVE(52) tMAXSPR. NPPS(52).  
1 K 1 6 0 0 )  

COMMIIN / T I R E C /  CN.CTrNTIRES(6)rNTSPRNrRU.TLN(3r6)~TLYl6)~TLZ(6) .U 
COHMllN/TRMOIH/ ERISO) 
COMMllN/UEIGHT/ WEIGHT.WGTS( 13) 

C .. 
I, 

K T I R l l  = 0 
JTRII4=O 
KOOF:: HOOF 
I F  (ICAXLES.EQ.1) KOOF = 8 
DO 1 0  INDEX=I.KDO= 
GENDI S(INOEX)=O.O 
GENVIFL(IN0EX) = 0. 

1 0  ER(I I IDEX)=0.001 '  
IF(KIII?ES.GT.O) C A L L  PRETRM 
I F  (ICERR.GT.0) RETURN 

ijo" n 
1 5  N=NT:t 

TOT Al. 
I S T A l t  
NP=NIJ 
C A L L  
C A L L  
TS=l!D 
(;END:[ 

5 INOEX=l.KAKLES 
RES ( I N O E X ) + N  
=Z*N 
T=JCURVE(NTSPRN-1) 

'P:(NTSPRN-1) 
I N T I C - . O O l ~ N P , K ~ I S T r l  
INTl(O.O.NF X ( I S T 4 R I  
00. O* (FZ-FI~*TOTAL 
S t 3 1  =WEIGHTITS 

I, 
NPR .: 0 
I F  (.tDEBUG.EQ.Z) NPR = 1 
NCOUlIT=O 
NTRY:O 
NOK=Il 
R O L L = 6 S ( l )  
I F  ('iLOPE.LT. 0.0) R a L - G S ( 2 )  
GENOt S ( l ) = R O L L  
GENDt S I Z ) = T L Y ( l ) * R O L L  
PITCIi=O. 0 
YAW=ll .O 

20 CALL BETAXJ 
K O B A t = 0 . 5 + ( ( l . 0 + B E T P ~ ' l l l )  ) * S E N O I S ( Z ) + B E T A ( l r 2  ) *GENOIS(3 )  

1 + B E T A ( l  3 ) * G E N O I > ( 6 ) )  
Y O B A Z = O . ~ * ( B E ~ ~  (2 .1)*GENOIS(2# + ( l iO+BETA(Z .Z)  ) * S E N O I S ( 3 )  

1 +BETA (2.3 ) *GENOIS(6 ) )  
ZDBA*=O.5*(BETA(3r i ) + G E N D I S ( Z ) + B E T A ( 3 r Z ) * G E N ) I S  13)+(1 .0+BET4(3 ,3 ) )  

- 1 * G E N D I S ( 6 l )  

ti COMPJTE FORCES. 
C 

CALL ECTRNL 
I F  R I E Q l  G TO 25 

T R I M  



I F  (JOEBUG.EQ.2) WRITE (6 .9000)  (FORCE4 IO).IO=L. NOOF) 
CALL RELAX ( M O O F ~ F O R C E ~ G E N O I S ~ E R ~  NOK, NPR. NCOJNT) 

25  ROLL=G:NOISi l )  
P I T C H = G E N O I S ( 4 ~  

.. YAW=6ENDIS(51 

c" " HAVE YE TRIMMEO THE VE: i ICLE ? 

E VEH1:LE I S  TRIMiiEO. 
C 
C 
C ,. OUTPUT T R I M  CONDITIONS. 
t, 

J T R I M = J T R I M + l  
I F  (JTRIM.LT.2) $ 3  TO 20 
WRITE ( 6  4 )  

c 
IF(JDESU~.GT.O) WPITE (6.3) ( G E N O I S ( I O ) r I O = l . M 3 0 F )  

E 
C 

SET U P  FOR INTEGRbTION. 

- 
RETUPN 

C 
5 CAN'T F I N O  A SOLUTION. 
L, 

1 0 0 0  WRITE (6.11 
KERR = 2 - RErURN 

ti 
1 FORMLT (33HOi*+* V E 4 I C L E  T R I M  ABORTED ( T R I M ) )  
3,,FORWfiT ( 3 l H O G E N W A L  IZEO T R I M  COOROINATES =, 

/ . ( iX  iOE13.9)! 
~ - F O R H P T  ( 2 1 H  V~HICLE HA, TRIMMED.) 

9 0 0 0  FOPMLT ( 1 4 H  T R I M  FORCES =,/.(IX.lOEI2.CI) 
C 

E NO 
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